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perfectly solid. This indicates that the outside layer is at once condensed by cooling, while the inside remains
fluid, and is consequently more distended. Though the outside of the drop is very hard, and a severe blow may be
st.ruck upon the thick part without any perceptible effect, if the tail or thin end is blOkGll the whole mass instantly
flies to pieces with a slight detonation. Dumas explams these phenomena by stating that when at last the
central and dilated parts of the drop become cooled they must have retained points of adherence to the surface,
and consequently occupy a larger volume than that which agrees with the temperature to which they are reduced.
The central molecules, therefore, must be much distended and exert a thore powerful contracting inflnence on the
surrounding parts; are, in a word, “on a strain,” as a workman would term it. At the instant when a part of the
envelope or outer portion is brokeu the- molecules held by it briskly contrs wt draw in with them all the others,
and thus determine a multitude of points of rupture; and as this effect is 1nstf1umneous, the particles move very
rapidly and drive out the air before them, producing a sudden dilation and contraction of the latter.

BASTIE'S TEMPERED GLASS.—In view of these well-known phenomena, M. de la Bastie endeavored to find
a method by which the hard surface produced by immersion in water could be retained and thickened while
the objectionable tendenecy to flying in pieces would be lessened or removed. In his experiments he found that
two conditions were necessary: first, the glass must he brought to just that degree of heat where softness or
malleability beging, the molecules then being eapable of closing suddenly together and condensing the material
when immersed in a liquid at a considerably lower temperature ; second, the liquid employed must be capable of
being heated much higher than water without Doiling. He therefors adopted an oleaginous mixture, into which
he plunged the glass, reheating the latter, which had previously been annealed in a kiln,

DIFFICULTIES OF THE PROCESS.—This process was admittedly a success as far as flat or solid glass was
concerned, although the necessity of heating the glass to the point of softening rendered it extremely diffienlt to
handle, and the liability of the bath to catch fire had to be lessened in some manner; but both these difficnlties were
overcome by M. de la Bastie’s apparatus for reheating and plunging the glass. The process, however, was found
to be defective as regards any other forms of glass, such as hollow flint vessels, as such glass, while being reheated,
is almost certain to collapse before reaching the required temperature. In M. de la Bastie’s experiments at
‘Whitefriars glass works, England, therefore, a new plan was adopted, by which the bath was placed as near thie
mouth of the working pot as possible, and the workmen dropped the finished vessels directly into it. This process
was found to answer well in the manufacture of all vessels made in one piece, and the somewhat complicated
apparatus for reheating was done away with, As regards the character of the glass obtamed by the process, Mr.
Powell, of the Whitefriars works, disposes of some popular fallacies in this wise:

Hardened glass is not unbreakable; it is only harder than ordinary glass, and, though it undoubtedly stands rough usage bother, it
has the disadvantage of being utterly disintegrated as soon as it receives the slightest fracture, and np to the present, until broken, of
being undistinguishable from ordinary glass. This glass is known as **toughened” glass, and we have seen the terms *malleable” and
‘“‘annealed” applied to it. Nothing can be more misleading than these unfortunate epithets. The glass is hard, and not tough or
malleable, and is the very opposite to aunnealed glass. Annealed glassis that glass tho molecules of which have been allowed to sottle
themselves; the molecules of hardened glass have been tortured into their position, and until the glass is broken are subjoct to an
extreme tension. It is the sudden change of temperature that ¢ hardens”; glass heated up-together with the oil may be annealed, but
deeidedly is not hardened., A piece of hardened glassis only a.modified Rupert’s drop, i.' e, it is case-hardened ; the fracture of both is
identical; both resist the diamond and hoth can be annealed. * * * In'our experimentswe found that whilethe glass could be marked
with the diamond or smoothed and engraved in the ordinary way, still an endeavor to cut it with the diamond, or even the disturbance
caunsed by the smoothmg wheel, when penetrating to any appreciable depth, tended to weaken or even 1o cause tho destruction of the
entire mass.

For practical utility the value of glass tempered by M. de la Bastie’s process is of course lmpan?ed by its
inability to be cutyand also its utter destruction by the slightest fracture. 1t will stand sudden changes of temperature
without breaking, but if reheated slowly to a high temperature its temperis destroyed and it becomes as common
glass. The great anticipations which were at first formed as to the extended use of the glass have not heen
realized. M. de la Bastie has made some improvements in his process, and two eminent London firms adopted it
and manufactured the glass for a time, but finally gave it up. In this country Messrs. E. de la Chapelle et Cie,, of
Brooklyn, manufacture on the Bastie system, but the process is not a complete success, the glass not being uniform
in temper or producing the best results.

SIBMENY TEMPERED GLASS.—While M. de la Bastie was introducing his discovery to public notice in Europe
Mr. Frederich Siemens, who is owner of the most considerable glass-bottle works in Germany and Bohemia, and
perhaps in the world, was studying the question of tempering glass by following a different course from that
gelected by the former. - Instead of plunging hot glass objects into liguids, Mr. Siemens, fearing distortion of the-
articles to De treated, conceived the idea of subjecting them to tempering by placing them in molds between cooled
surfaces, whereby not only would their shape be maintained intact, but force eould also be applied, if necessary, to
press the molecules of glass firmly together.. By these means glass of any shape could be tempered, and the process
was considered to be particularly well suited for the production of strong window-glass, which had not previously
been attempted. Mr. Siemens, however, soon found that the glass so prepared was:liable to the defect of
breaking suddenly, and he had to underfake furbher researches, Wlth a view of perfecting his process, by the remowval
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of that defect. When a cube of tempered glass is considered, it will at once be seen that, all its surfaces having

. been subjected to the same cooling influence, the edges, and particularly the corners, will be much more cooled

" than the broad surfaces. At each edge the cooling will take place from two surfaces, and at each corner from three
surfaces, from which eircumstance Mr. Siemens inferred that glass so treated could not be homogeneous in character,
and that sudden breakages were due to that cause. To overcome this defect Mr. Siemens modified his process so
as to limit the cooling influence of his apparatus to two surfaces of the glass under treatment. From these surfaces
the cooling and tempering action is transmitted {o the center of the mass in a uniform manner, whereby homogencous
glass is produced whicl is found to give entire satisfaction. By Mr. Siemens’ process glass may be tempered to
vavious degrees of harduness, according to theuse for whichit is intended. Forthe production of window and other
flat or molded glass presses, cooled by the circulation of water, are employed, but in dealing with large castings of
glass, such as railway sleepers, for example, the castings are packed in rectangular boxes, or trucks, heated
internally for their reception, and all interstices between them are filled up with a material having the same
conductivity for heat as glass. These boxes or trucks are constructed so as to prevent dispersion of heat at their
sides, and as each is filled with glass articles it is withdrawn from the kiln to eool from two parallel surfaces only
By this means ideal plates are formed, which are treated like the solid plates for the production of homogeneous
tempered glass in bulk. Glass railway sleepers, tempered on Mr. Siemens’ plan, have been introduced in England,
and have Deen put in actual use on one or two railway lines.

TESTS oF THE SIEMENS GLASS.—A number of tests were made of these sleepers, at one of which it was
shown that their average breaking weight, when resting on supports 30 inches apart, was 5 tons, At another time
a plate of Mr. Siemens’ toughened glass, 9 inches square by 1% inches thick, imbedded in gravel ballast 9 inches
deep, and having on its top a wood packing one-eighth of an ineh thick and a piece of rail, was subjected to the
action of a falling weight, the blows being delivered on the rail. The weight was 9 hundred-weight, and blows
were successively delivered by letting this weight fall from heights of 3 feet, 5 feet 6 inches, 7 feet, 10 feet, 12 feet
6 inches, 15 feet, 17 feet 6 inches, and 20 feet. Under the last-mentioned blow the rail broke, the glass, however,
being uninjured. A higher fall could not be obtained, and a greater weight was not available. - A smaller section
of rail was substituted for that previously ewmployed, and the glass was broken Ly the second blow of the 9
hundred-weight falling 20 feet, the plate being driven through the ballast into the hard ground. A ecast-iron plate,
9 inches square and one-half an inch thick, tested in a similar way, broke with a blow from the 9 hundred-weight
weight dropped 10 feet. -

Usts OF SIEMENY GLASS.—Mr. Siemens writes me, under date of January 29, 1881:

Extensive worls are about to Le established in England for carrying out my process and for producing the glass to be tempered.
These works will at the start comprise furnaces capable of producing 50 tons of glass per day, and will be arranged in view of being
dounbled and trebled in a short time, it being confidently expected that a large demand will -avise for strong glass as a substitute for
wood, brass, east-iron, stone, and other snbstances, in the condition of railway and tramway sleepers, gas-, water-, and drain-pipes, enve
troughs and gutters, millstones and croshers, tiles for roofing, facing walls and fooring, plates for floors of bridges, tanks, and cisterns,
ship lights, telegraph insunlators, ete., for which applications tompered glass will offer the advantages of economy in first cost and greater
durability over the materials now usually employed.

Cosr or SimmeNY ¢Lass.—The cost of glass toughened on Mr. Siemens’ plan is stated to be about the
same per ton as that of cast-iron; but as its specific gravity is only about one-third that of iron, the cost of any
article of given dimensions is, of conrse, materially less. The material has as yet been too recently introduced,
and too little is known of its characteristics, to enable any very decided opinion to be formed as to its future
capabilities ; but the results of the experiments so far made are certainly of a very promising character, and the
further development of its application will be watched with much interest,

GLASS FROM BLAST-FURNACE S$LAG.—The process of manufacturing glass from the waste cinder or slag of
iron blast-furnaces is simply the utilization of a substance which already contains many of the ingredients of glass
by adding to it those materials necessary to complete the composition. The idea is not a new one. In Englang,
and also on the continent, a sand prepared by pulverizing slag has long been used as an ingredient in glass.
making with much success. . If is possible that much of the early glass was metallurgical slags remelted.

RELATIVE COMPOSITION OF GLASS AND SLAG.—Recent comparative investigation ‘into the composition of
glass and of slag shows that the use of the latter in this manner is not withont reason, the two substances being
very similar, as is shown by the following table :

, ' Composition of | Composition of

© Constitments. imonging (Welgh | bottloghas
fordshire). riable).
Fer cent. Per cent.

17151 OO 40 l 45 to 60
Lime.cocenneennannen B LT TT T . HAN 18 to 28
Aluming _-eoeoiviiiannnn 16 6 to 12
Magnesin .oooowrnnnenan G 0to 7
ATkl covnnnieeiaen fto 2 2t0 7
Oxide of fron........... emsewenaraans v}fo 2 2to 6
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A trace of sulphur is also found in slag associated with the lime, but this readily passes awwy with heat, and

s insignificant. The irom, which would seem to be the most objectionable element, while present in too great

quantity for the manufacture of perfectly clear glass, is still less than is often required Dy the glass-maker. The
chief points of difference between the slag and the glass are in the silica, alkali, and iron, the slag being too
deficient in sand to make a hard glass,

ADDITIONS TO SLAG IN THE MANUFACTURE 0F GLASS.~—To malke glass of slag of the composition given the
additions indicated in the following table should be made:

Slag. Additions. (xlass,
Siliem. e e e e 40 Ferruginous sand .. ... c..oieoaiioaan e 60=100 or 57, 14 yer cenf.
Eime . oocn i i e . 36 or 20,00 per eent.
Aluming ccoeoniiineniiianis e S 16 or .14 per cent.
Magnesio -.oceeonmoe i i L g 6 or 3.43 por cent,
Alkal .o e e R a1 I PRI 10== 11 or 6,29 per cent.
Oxide of ITon .o ewve v oeneea i % Fromthesand. ..o .o oiiaioii il H= 7 or 4,00 per cent.
- 100 175 100.00

Thus by combining with 100 parts of slag 10 parts of soda and 65 of sand the proportions of the lime, alumina,
and other constituents are severally altered, and a compound formed of the precise nature required. It is to be
noted that the fignres come well within the limits of difference found in the analyses of glass given in the previous
table. It would seem that the variation in the purity of the slag would interfere with certainty in its use; but
daily analyses of slag at a furnace in Great Britain have shown that its composition is measurably regular, ellOU“"h
so for all practical purposes.

Use or HoT sLAG.—To take slag, however, which has coolud, and remelt it in connection with the additions
named, wounld require so intense a heat ag to counterbalance all benefit to be derived from its cheapness, A plan
was brought to public notice in England in 1876 by whieh the slag is taken as it comes from the blast-furnace and
converted into glass without cooling, Mr. Bashley Dritten, the originator of this plan, has established glass works
at Finedon, in Northamptonshire, at which the slag from the Finedon furnaces is used. The molten slag is conveyed
(presumably in covered iron vessels mounted on wheels) to the glass furnace in the immediate vicinity, and is
poured, after the addition of the necessary ingredients, directly into thé melting furnace, where, after proper fusion,
it is run into another chamber, from which it is drawn by the workmen and fashioned into shapes. The produacts of
these works comprise chiefly such articles as wine and beer bottles, which do not require a colorless glass, This
process might be much improved by locating the glass house immediately adjacent to the blast-furnace, from which
the slag conld be run directly into the melting furnace. In regard to the great economy of the process, Mr. Britten
says, (¢) referring to the table given above:

"The above 176 parts or tons of glass would, consequently, be produced with the following economy: One hundred tons of it wounld
cost an iron-master nothing. Instead of the labor of mixing and handling in the usnal way the whole quantity of the material, only 75
tons would have to be lifted inte the furnace. The only ingredients to be bought are 65 tons of common yellow or red sand, to be had
anywhere at a mere mominal price, and 10 tons of common sulphate of soda, which may be bought or made for about 20z per ton. The
nocessary fuel would be limited to what is needed beyond the surplus heat of the slag to raise only three-sevenths of the glass to the
required heat; and it is a question whether the greater part of even this might not be saved by bringing down sowe of the spare gases
from the blast-furnace and employing them with regenerators; if needed, they could easily he enriched with a little added carbon.
Against these items there would be a set-off from tho cost of removing the 100 tousof slag, which must otherwise be thrown away.

. Beside this, another and considerable saving would arise from the wear and tear of the glass furnace being Tessened, in eonsequence of

four-sevenths of the materials going into them being already fused. Under such cireumstances the total cost of the glass in a melted
state ready for working is seen to be so extremely small that it is hardly safe to venture to express it in figures; ib searcely amonuts to
the value of the commonest bricks per ton.

COLOR OF SLAG GLASS.—The natural tint of the glass thus produced is greenish, but it can be colored to any
required tint, and by careful fining and bleaching it can be produced almost as colorless as common window- ghss. A
cheaper glass can be made by using more slag and less sand, and with some ores the slag is said to be sufficiently
siliceous in itself to be convertedinto a black or dark green or amber glass, With the simple addition of soda and

-a little arsenic it becomes transparent and perfectly workable, and may be used for many purposes. Acid, however,

corrodes this glass, on account of its wanst of silica. Glass of superior quality to the first mentioned can also be
produced. The constituents of slag, as has been seen, are common to all kinds of green glass, and by diluting themn
with the usnal pure materials to a greater or less extent the compound may be brought up toany standard short of
the purity of color inconsistent with the iron and sometimes manganese in the slag. Should the manufacture of .

. glass in this manner ever be deemed of sufficient importance to warrant ‘the taking of steps to purify the slag,

much more might be accomplished. The working qualities of the glass thus produced are excellent, admitting of its
being blown, cast, or pressed with great ease, and Mr, Britten’s company propose to enter into the manufacture of
other articles bes1de bottle from a material so cheaply produced. ‘

& See his paper in Journal of British Iron and Sleel Institute, 1876, pages 453-467. .
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CmaprEr VIIL—HISTORY OF SOME PROCESSES OF GLASS-MAKING.

For many years the question as to whether window-glass was known to the ancients was a matter of doubt and.
discussion, and it has only been recently that the evidence of its use prior to the beginning of the Christian era has
been conclusive. Winckelman, the author of the remarkable History of Art, who was assassinated in 1768, pleaded
its antiquity, but by far the greater number of scientific men considered it a modern invention, their view being
strengthened by the almost utter absence of any allusion by ancient writers to window-glass and the utter lack of
fragments of this glass, though large quantities of pieces of vases and other vessels had been found. This want
of allusion and absence of remains shows that at least it was of rare occurrence and nse.

The fixst positive evidence of the antiquity of window-glass was its discovery, in the year 1763, in a small
chamber attached to the bathing-room of a private dwelling, the House of the Faun, unearthed at Pompeii, “in a
window closed by a movable frame of wood, which, though converted into charcoal, still held when it was found
four panes of glass about 6 inches square.” In 1824, in a room connected with the public baths, “a window 2 feet 6
inches high and 3 feet wide, in a bronze frame, in which were found set four beautiful panes of glass fastened by
small nuts and serews, very ingeniously contrived with a view to being able to remove the glass at pleasure,” was
discovered. Remains of what is supposed to be window-glass of the Roman period are now occasionally found in
the runins of Romax houses built in England and Italy. Dr. Bruce, in his work on the Roman wall, states that
“fragments of window-glass are frequently found at some of the stations”, and in 1855 he exhibited at Neweastle
samples found in the course of his exeavations at Bremenium. It is also certain now that glass was used by the
Romans for green-houses and for the frames used over plants, The glass found at Pompeii shows by chemical analysfs
a very close resemblance to the glass of modern days, containing about 694 per cent. of siliea, 74 per cent. of lime,
and 174 per cent. of soda, with 3} per cent. of alumina. This glass also contained 1.15 per cent. of oxide of iron
and (.39 per cent, of oxide of manganese, the latter being used probably to correct the color due to the iron.

It must not, -however, be supposed that glass was used to any great extent in the windows of dwelling-houses
at this time. The glass was not blown, but probably cast on a stone, as it is very uneven and full of defects.

Before the close of the third century, however, window-glass begins to be mentioned in the writings chiefly of the
monks and priests of the time, and mainly in connection with the glazing of churches, About this time reference is
made to window-glass by Lactantius, A. D. 290, who says that ¢ our soul sees and distinguishes objects by the eyes
of the Dody as through windows filled with glass”. Jerome, A. D. 331, speaks of sheets or plates of glass obtained
by casting, the casting-table being a large flat stone, and the ordinance of Constantine II, A. D. 337, mentions
specalarid, who were probably glaziers working in other materials as well as in glass. .

From this time the evidences of the nse of window-glass multiply. It is reasonably certain that it was employéd
in the church at Treves early in 420, During the fifth and sixth centuries many large churches were built at Rome
and Ravenna which were filled with numerous windows, and in the sixth century the glazed windows in the chureh
of Saint Sophia, at Constantinéple, with panes from 7 to 8 inches wide by 9 to 10 inches high, were among the
wonders of the Ilagt. Indeed, it was the building of churches, or the conversion of pagan temples into houses for -
Ohristian worship, that extended the use of window-glass at that time. The Roman priests kept the windows and
gsometimes the roof of the buildings open to read the auguries, but these the Christian priests closed.

Window-glass was used in France as early as the third century, but became more common in the sixth, Late
in the seventh century ¢ Abbot Benedict”, so saith the venerable Bede, *“sent for artists from beyond the seas to glaze
the church and monastery at Wearmouth,” and York cathedral was glazed about the same time. In the eleventh
and twelfth centuries glass was generally employed in the windows of the religious edifices, and it is reported that
gomewhere abont the end of the first thousand years of the Christian era a window-glass works was established at
Newcastle-on-Tyne, which proved a failure. From the close of the twelfth century the use of glass for windows
became more and more common. :

The earliest glass used for windows was undonbtedly cast, that used at Pompeii having evidently been cast
on a stone, on the same principle as plate-glass is made at the present time, only it was not polished. It thus
appears that, though rough cast plate-glass was for a long time believed to be a modern invention, it really is’
the oldest method of making glass for windows. This was, however, probably in the twelfth or thirteenth century,
or perhaps earlier, abandoned for blown window-glass, and was revived and virtnally rediscovered in France in
1688 by Abram Thevart. He obtained a patent for thirty years for the invention, and erected works in Paris, where
plates were cast of the then extraordinary dimensions of 84 inches long by 50 inches wide. This works was’

. ‘transforred to Saint-Gobain, which has since become celebrated for its plate-glass. Disputes arose between Thevart’s

company and a company of Venetian workmen who were manufacturing blown plates near Cherbourg, and Thevart’s

company was bound not to cast any plates whose dimensions should be less than 60 inches in length and 40 in

breadth. To end the rivalry the two companies were consolidated. Two years, however, from the consolidation
109 _




RS e s

MANUFACTURE OF GLASS. o7

the company was in a state of insolvency, and mauy of its furnaces were abandoned. Blancourt gives a different
account of the invention of plate-glass, and ascribes it to the accidental spilling of some liquid glass from a crucible
apon the ground. The metal baving ran under one of the large fiat stones with which the place was paved, upon
taking up the stome a piece of plate-glass was found under it. This is stated to have been two hundred years before
Blancourt wrote in 1699. The first English establishment of any magnitude for the manufacture of glass was begun
in 1772 or 1773 at Ravenshead, at which date “the Governor and Company” *“of the British Plate-Glass
Manutfacturers” were incorporated for the purpose of manufacturing plate-glass in England, and as late as 1832 this
was the only establishment iu that country. Since that time, however, a number of works have been established.
The oldest plate-glass works in Belgium, we believe, dates from near the beginning of the present century, while
that of Germany has been in existence but a few years. '

As noted, it is very difficult to say when blown window-glass was first madej but one of the earliest notices
of it is by the monk Theophilus, in the thirteenth century, who, in his Hssay on Divers Arts, gives an account of a
method then employed of blowing glass, which is a perfect description of that used at the present time. For
many years the factories at Venice were renowned for their blown window-glass, and in the seventeenth century
workmen from its houses were scattered in various parts of Europe and taught many of the glass-workers of
the different countries the method of making cylinder-glass. Nesbitt also states that window-glass was made in
Germany at a very early period, and it also seems, from a staternent quoted elsewhere regarding the windows of
Beauchamp chapel at Warwick, that window-glass was made in X¥ngland, probably blown, in the fifteenth century.
Mr. Chance states that the manufacture of blown window-glass in England existed in the fifteenth century, and
perhaps even prior to that period ; butthe glass then produced was of a very inferior deseription, and the first works
of note established in England were those of Sir Matthew White Ridley & Co., on the river Tyne, at Newcastle,
about the middle of the seventeenth cenfury.

VASES, OUPS, AND OTHER HOLLOW WARE.—As has already been noted, the earliest records of glass-making
(those on the tombs of Beni-Hassan and at Memphis) show unmistakably that the art of glags-blowing was well,
known at the early period at which these tombs were built. One of these fignres illustrates two glass-blowers,
with their blowing irons or rods in their hands, heating the glass, which has evidently been gathered, in a small
U-shaped furnace. Another drawing represents two men blowing a vase.

From that day to this the production of various kinds of hollow ware has not ceased. Amn immense number of
articles of this character, including vases and cups of all sizes and almost all shapes, from those of the most
common deseription to others showing the most exquisite art, as instanced in the Portland and the Naples vases,
and bottles of all forms and decanters, have been found. Indeed, so common and persistent has been the
manufacture of these various articles, that the history of ancient and modern glass is chiefly the history of the
manufacture of hollow ware, and, as we have entered so fully into the statement, nothing more need be said here.

TEAD GLASS.~—The invention of what was so long known as flint-glass, and now generally termed lead flint,
to distinguish it from the lime flint of the glass houses of to-day, is an English invention. TIts production was a
necessity arising out of the use of coal in the place of wood in the furnace. This substitution of eoal for wood affected
injuriously the color of the glass, and to overcome the pernicious effects of the smoke the melting-pot was covered
with a clay cap, which gave it the shape of a short-necked retort. It was found, hotvever, that though the metal
was protected from the action of the smoke,it was also protected from the action of the heat, and it becaine evident
that either the time of melting, as well as the consumption of fuel, must be very much greater, or some flux or alkali
must be used which would not deteriorate the glass, but hasten its melting, The flux used was lead, which had

" to a slight extent been employed on the continent of Europe for some time previous in the manufacture of artificial

gems: a use which may probably have suggested its employment for the making of flint-glass. The use of lead,
however, in the manufacture of glass was not entirely unknown before, as lead. is found in many specimens of
ancient glass, and Heraclius gives a recipe for making glass with lead. There was also a glass, known as the
Jewish, made with lead in the Middle Ages. M. Peligot, however, reviewing these facts, comes to the conelusion
that there is no proof that the true flint-glass was known to the ancients, and that to the English should really be
attributed the honor of having created in their flint-glass a new product, which, by the progress made in the quality

. and selection of the materials used in its fabrication, has become without dispute the most beauntiful glassy .

substance which we know, and which it-may be possible to produce. ,

The date of the introduction of the manufacture of flint-glass with lead is placed by M. Bontemps about 1635 ;
Nesbitt suggests that it may have been 1615. '

THE USE OF MOLDS is generally believed to have been a comparatively modern invention; but, as is shown in the
chapter on ancient glass, it is evident that some of the vases used in very remote times were not blown, but were
cast or molded over a sand or clay core, which was afterward broken up. It also seems that the so-called Roman
molded glass, which was suppesed to be amodern invention, was well known to the Romans, as specimens exhumed
in the city of London prove. At what time, however, the modern method of using molds in the production of
various forms of hollow glass was first introduced is not known, thongh it is evident that the use of these has

largely increased within the years since the introduction of the use of the lever-press for molding or pressing glass.
oo : ' ‘ 1095
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PRESSED GLASS.—One of the most important inventions of recent times, especially in the line of cheapening
glassware, has been the production of what is generally known as pressed glass. This is an American invention,
and the right of this country to the honor of its production has not been called in question until recently. Lardner,
in his Cabinet Cyelopedia, pablished in 1832, which has a very complete résumé of the methods of making glass in use
ati that time, has not even a suggestion of the pressing process. Pellatt, in his Curiosities of Glass-making, published
in 1849, says: l

The invention of pressing glass by machinery has been introduced into England from the United States of America. It lias nof,
however, realized the anticipations of manufacturers; for, by the coutact of the metal-plunger with the glass, the latter loses much of
the brilliant transpareney so admired in cut-glass ; heneo it is now chiefly used for common and cheap articles.  TFhe process of rewarming
or fire-polishing after the pressure has somewhat remedied this defect.

Recently, however, an attempt has been made to deprive the American glass manufacturers of the credit of
this invention. The London Pottery Gazette, in a recent issue, says : ;

There seems to be & general impression that pressed glass was first made in the United States. This is aiverror. The addition of the
ring to give the thickness was undonbtedly an American invention; and this diseovery, trifling in itself, opened nup the pressed trade in
a remarkable way by enabling the lever used in modern pressing to foree up the metal sharply, so as to give it the appearance of cut-
glass, as well as to closely imitate eut-glass patterns, ‘

Miny in the Bnglish glass trade are living who remember the pressed squave-footed ales and goblets. These are as old as the end of
the last century, and woere very fashionable with our ancestors. At firat they were cut over, but they perfected the muke so that they
were simply eut at the bottom to take off the overplus. )

ANCIENT PRESSED GLASS.—It is undonbtedly true that glass was pressed before the invention of the American
lever-press, and one of the earliest speeimens, bearing an inscription from which its date may be ascertained, is the
lion’s head, now in the Slade collection in the British musenm, which was found many years ago at Thebes. This
is evidently a piece of pressed glass, or glass pressed in a mold. In the British museum are also many pieces.
of glass found at Ialyssos, in Rhodes, chiefly disks, all of which have evidently been produced by pressure with a
mold or die. There is no doubt that the Venetians were acquainted with pressed glass; but, notwithstanding this, }
the invention of what is now known as pressed glass is undoubtedly American. The sane line of reasoning 1‘
that is adopted to prove that this is not an American invention would also prove that lead-flint glass was not an :
English invention. Lead was used to make glass centuries before the invention of lead-flint in Tingland, but the !
English are none the less entitled to the credit of the discovery of that beautiful, brilliant ware that we know
to-day as lead-flint glass. Glass was no doubt made by pressing many centuries ago, but the invention of pressed
glass, as it is understood to-day, the use of a mechanical press with mold, plunger, lever, ecte., is due to American
ingenunity. Pellatt, when referring to specimens of the embossed and pressed glass of the ancients, says: (a) “No
machinery was used by them in producing any completely pressed hollow vessel or utensil at one operation.” It
occurs to me that if Mr. Pellatt, with all of his knowledge and information regarding ancient glass-making and
‘his years of practical connection with the business in England, aséribes the invention of modern pressed glass to
Americans, his testimony cannot be impeached.

HISTORY OF THE INVENTION.—The invention of the American press is ascribed to a Massachusetts carpenter
in the town of Sandwich, about 1827, who, wanting an article of glassware made for some purpose, went to Mr.
Deming Jarves and asked him if he could make the article desired. Mr. Jarves told him that it would be impossible
for the glass-blowers to make such an article. The carpenter, who was of a mechanical turn-of mind, asked if a
machine eonld not be made to press glass into any shape. This idea was scouted at first, but upon second thought
Mz, Jarves and the carpenter faghioned a rude press and made their first experiment. This machine was intended
to make tumblers, and when the hot molten glass was poured into the mold, which was to determine whether glass

*eould be pressed, the experiment was witnessed by many glass-malkers of that time, They were nearly all of the
opinion that the experiment would come to naught, and were greatly amazed when the resnlt demonstrated that it
was possible to press glass. TFrom that time the manufacture of articles of glass by the use of pressing machines
gradually developed, until to-day the bulk of the glassware produced in this country is made with presses, The first
tumbler manufactured in the rough improvised press, alluded to above, remained in Mr. Jarves’ possession for
many years, and then passed into the hands of John A. Dobson, a well-known glass dealer in Baltimore, and was
exhibited at the Centenanial Exhibition by Hobbs, Brockunier & Co., when it was accidentally broken by Mr. John
H. Hobbs," ) ' ‘ ,

The London Pottery Gazette, to which we have referred above, in an article claiming the invention of pressed
ware for England, says: “The first pressed tumbler was undoubtedly English, and was made about 18367 As
Mr. Jarves made his pressed tumbler in 1827, as described above, we think that the evidence is tonclusive that the
first pressed tumbler was not English, but American. : -

The result of this American invention in cheapening glass has been most marked. By the use of irvon or other
metal molds immense quantities of the same article can be produced at a very low rate. This invention has in
fact revolutionized the whole system of flint-glass manufacture, and has made it possible for all to possess for
common use glass that in gracefulness of form and beauty of design and material was formerly within the reacl
of only the most wealthy.

mh - ¥

106 a See Pellatt’s Curiosities of Glass-making, page 122, note.
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CHAPTER IX.—ANCIENT GLASS.

DIscovERY OF GLASS.—DBut little is known of the early history of glass-making, and absolutely nothing of
the method and date of its discovery. The story told by Pliny, (¢) and repeated substantially by Tacitus () and by
Strabo, (¢) of its accidental discovery by some storm-driven Pheenician mariners while cooking their food on. the
banks of the river Belus, (d) is not entitled to the least credence. It is impossible that the high temperature
~ necessary to the production of glass could have been obtained in the manner described in these fables. It is true,

however, that a small spot at the mouth of this river supplied a most excellent sand, which was used not only by
the Phoemua,ns, but by many other ancient glags-workers, and even by the Veu(,tla,u% in latter times. This fact,
coupled with the excellence of the Phenician glass and the commercial enterprise of the people, which earried
the products of their manufactories to all lands, may have given rise to the story related by Pliny, and thus for a
time robbed the Bgyptians of the credit of a discovery which is undoubtedly theirs.

PROBABLE METHOD OF DISCOVERY.—While nothing positive is known of the method of the discovery of glass,
it is not improbable that it was in conneetion with the older art of metallurgy. (¢) Many metallurgical operations
produce in their vitreous slag a coarse colored glass that may have led to the mannfacture of glass as a direct
product. All of the oldest specimens of glass are colored, and, so far as these bave been analyzed, the coloring
matter is metallic. The extreme variability in the composition of this antique colored glass led Xlaproth to the
conclusion that many of the specimmens are merely mefallurgical slags remelted. It is also true that much of the
ancient glass is “ cast.” These facts certainly indicate, if its discovery was not due to this older art, that metallurgy
had an important influence on early glags-making.

BGYPTIAN ¢LASS.~—The earliest evidences of the existence of the art of glass-making are found in Bgypt. It .
is impossible, however, to surmise even at what time it began to be made in that country, aside from the certainty
that the art antedates by many centuries the time of its earliest inseriptions and specimens. Igyptian chronology
is 80 uncertain, that the same events are assigned by different Bgyptologists to periods thousands of years apart.
Tnscriptions, paintings, and the glass itself, however, indieate its manufacture at least from 4,000 to 6,000 years ago. (f)
Rawiinson, (¢) a most couservative authority, states that ¢ glass was known in Egypt as early as the Pyramid
Period”, which he places as 2450 B. C.(h) That at this early date the art of glass-making had reached a high degree
of perfection and development seoms bayond question, The art of blowing glass into bottles, fashioning it into
vases and drinking-cups, pressing it into varions shapes, especially figures ot deities, sacred emblems and coins,
forming it into huge masses for pillars, adapting it for mosaic art, coloring it to imitate precious stones, the colox
being of surpassing brilliancy, working it into beads or necklaces, these amd similar processes were Well known
and practiced with great skill. It would seem impossible that the processes necessary to the production of these
forms of glass could have been developed without centuries of practice. The invention of the art, of blowing glass,
which is unmistakably figured on the tombs of Mastaba of Tih, at Memphis, and on the tombs at Beni-Hassan, (4)
is as remarkable as the discovery of plass itself, and would indicate an advaunce in the art that, in that day of
slow development, must have required many eenturies to evolve. The manufacture thus early begun was continued by
Egypt far into the Christian era, and under the various dynasties and rulers, both native and foreign, it continued
to flourish. When Egypt passed under the dominion of Rome, its glass houses found in the palaces and villas of the
the imperial city a larger and more profitable market for their wares, and even as late as the third century its
glass works were still in operation, an -ordinance of Aurelian providing that glass should form & part of the

@ See Pliny’s History, book xxxvi, chap, xxvii.
b Histories, hook vi,

e Geography, hook xvi.

A This river runs along the base of Mount Carmel, and empties into the Mediterranean near the modern city of Saint Jean d’Acre.

"¢ Matallurgy is one of the arts the invention of which is aseribed by the Egyptians to Osiris, and while the first man was living
copper and iron were melted and worked (Gen., iv: 22). Some writers incline to the opinion that the discovery of glass wasin connection
with the art of pottery in making the glassy glaze. N

f Among the earliost traces of glass are those found in the ruins of Memphis, built by Menes, first king of B gypt, whose reign Manetho
places at 0004 B. ¢. The mummies in the tombs of this city wear necllaces of paste-glass beads, Glass-blowing is unmlst.ﬂ\ablv fignred
on the walls of the tomb of Mastaba of Tih, belonging to the {ifth dynasty, or, say, 3900 B, C. This is the earliest representation of glass
yet discovered.

- g See Origin of Nations, D 56. For further account of glass and glass-inaking in ancient Bgypt, see Wilkinson’s Manners and Customs
of the duneient Egyptians, vol. iii, p. 58, and Rawlinson’s He? odetus, 24 ed., vol, ii, p. 292, Pellatt, in his Curiosities of Glass-making, gives.
beautifully colored lithographs of some of the glass found in-Theban tombs. Seo also Glass in the O1d World, Londoen, 1882,

7 The enumeration of articles put into the west pyramid mention * glass which might be bended and not broken .

i The tomb is supposed to be of the time of Osirtasan I, some 2500 to 3000 B. C. A late number of the Safurday Review, discussing:
the amtiquity of glass, says of the Beni-Hassan inscription: ‘A much older picture, which probably represented the same manufactum is
among the half-obliterated scenes in a chamber of a tomb of Tih, at Sakkara, and dates from the time of the fifth dynasty, a time 80

remote that it is 24 pousible, in spite of the assiduons researches of many Egyptologists, to give it a date in years.” 1097
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Bgyptian tribute. Coins and tokens of as late a date as the eleventh century are in the Museum of Paris, and a
basin of the same century, and lamps of the fourteenth, all the products of Egyptian glass houses, are still in
existence. This long-continued practice of the art of glass-making in Egypt was probably due to the possession
by the Egyptians of a great abundance of the essential materials, sand and soda, the latter, which was of excellent
quality, being found native on the shores of its lakes. In a valley abounding in these lakes extending northwest
from Memphis the BEgyptian expedition of Napoleon I found remains of ancient glass furnaces. In this locality, at
the “ very gates of the lakes of Nitre”, the priests of I’tah or Vulcan, who were constantly engaged in experimenting,
placed their glass factories, and Rawlinson states that their rnins may still be found. These glass works, however,

were not confined to this valley, but were situated also in the Delta and along the Nile valley. Those of Alexanchm,
however, were the most famous, especially for the production of colored hollow glass and mosaics.

PROCESSES OF BGYPTIAN GLASS HOUSES AND CHARACIER OF THE GLASS.—The processes used by these ~

early glass-makers were, in many respects, similar to those of the present day. The “batch” was melted in
crucibles, and the glass-blower’s tool pictured on the Beni-Hassan tomb might well be taken as a repr esentative of
those in use at Pittsburgh to-day. Cast glass appears to have been a common product both of the Hgyptian and
the Phenician glass houses, and molds were also nsed both for blowing and for pressing. Seme of the hollow ware
gives evidence of having been made on wire molds, and other specimens indicate shat the glass was molded around
a core or “former” of sand. Pressed glass, however, was not made as American pressed glass is formed, a die being
used, into which the glass was pressed, or the die was pressed into a mass of pasty glass. The perfection to which
- these processes were carried, however, will not compare with that attained to-day. Egypt in the days of its best
glass-making could not produce a cast plate approaching in size, purity of the glass, or brilliancy of surface these
of Saint-Gobain, nor would her blown and pressed ware approach that of the United States; but it must be
conceded, that some of the specimens of ancient glass that have been preserved, (a) especially such as are evidently the
result of eareful, patient manipulation, are unsurpassed by the produets of our modern glass-houses, as they not only
display a high degree of art, but give such evidence of exquisite skill and a knowledge of the -most refined and
delicate processes that even now they excite unbounded admiration. Among these products.may be mentioned
- embossed and molded reticulated vases, glass mosaics, imitation pearls, glass pastes in several colors, precious
stones, glass eyes, the “ut’a” of mummies, bottles, ete. This perfection, however, is only seen in articles of luxury,
and indicates a degree of skill on the part of the workman that justly entitles him to the title of an artist in the
highest sense of the word, and the product to be termed a work of art. 'While all thismay be said of the skill displayed
in working the glass when made, the *“metal”?, as glass itself is technically termed, was decidedly inferior to that of
the present day. White glass, as we understand whiteness, was unknown, and the clear, white, brilliant flint-glass of
our works of to-day would have excited astonishment in the Egyptian and Pheenician glass houses.  Most of the
specimens that have come down to us from these ancient glass works are articles of luxury, and therefore might
give rise to the belief that most ancient glass was of this character; but such is not the fact. Glass of an inferior
quality, for common use, was largely produced, and it is probable that it was much more extensively employed by
the ancients than it is in our time. (b)) They had no porcelain, and were forced to use metal vessels or those of glass
for many of the uses for which porcelain is now employed.

COMPOSITION OF HGYPITIAN GLASS.~—The early Egyptian, as well as other early glasses, appears from its
analysis to be a soda-lime glass, the Tigyptian containing from 70 to 72 per cent, of silica, 17 to 20 per cent. of soda,
and 5 to 84 per cent. of lime, with some iron and alumina. Its composition is very similar to plate-glass made
without potash, containing, however, more impurities. B

PH@®ENICIAN ¢LASS.—Second to Egypt in the antiquity, extent, and character of its manufactures of glass,
if indeed it did not for a time surpass it in the excellence of its products, was.Pheenicia, that wonderful country
which gave us letters, and whose nautical skill and commercial enterprise mado the Mediterranean, even in Homer's
time, a “Pheenician lake”. The renown of the workmen of Pheenicia at an early date is evidenced in the seleetion of
Hiram of Tyre, the artificer, whom Hiram the king loaned to Solomon for the ornamentation of the Temple. Both
Tyre and Sidon were famous for their glass, and the beautiful hollow ware made by them was universally celebrated
in the aneient world. As already noted, the river Belus, which was near the morthern boundary of Phoenicia,
furnished a sand of excellent quality, Whlch added largely to the renown of Pheenician glass. Mr. Nesbitt (¢) thmks
that among the earliest products of Phoenicia in the art of glass-making are the colored beads of opaque glass in
great variety of color and pattern, called by the Ashantees ¢ Aggry” beads.  These beads have been found in all
parts of Burope, in India, and in many parts of Asia and Africa, (d) their wide dispersion, as well as the abundance
of oiher forms of glass that are probably of Pheenician origin, bearing evidence to the extent of this industry,

a These are chiefly articles of luxury or personal ornament, and have been largely preserved through the custom of burying with
the dead articles which the deceased regarded highly, or which were used constantly.
¥ See Winckleman’s Origin de Part.
o South Kensington Musewm of Art Hand-books: Glass, by Alex. Nesbitt, ¥. 8. A., page 13,
d These are the ‘‘Glain neidr” (adders’ eggs) and the ‘‘Gleini na Droedh” (Druids’ beads) of Wales and Ireland, whicl sve
regarded with superstitious veneration by the peasantry.
1008 '

gy S




MANUFACTURE OF GLASS. . 61

and there is good reason to think that many of the glass vases found in tombs in the countries washed by the
Mediterranean are the products of Pheenician work-shops, rather than of those of the country in which they are
found.

CHARACTER OF PHGENICIAN GLASS AND PROCESSES EMPLOYED.—Speaking of the character of Phonician
glass and the processes known and practiced, Xenrick says:

They knew the effact of an addition of manganese to the frit of sand and soda in making glass clea,rer They used the blow-pipe, the
lathe, and the graver, and cast mirrors of glass. They must also have been acquainted with the aré of imitating precious stones and
«eoloring glass by means of metallic oxides. The “pillar of emerald” which Herodotus speaks of (ii, 44) in the Temple of Hercules at
Tyre, * shining brightly in the night,” can hardly have been anything else than a hollow cylinder of green glass, in which, as at Gades, a
lamp burnt perpetuatly. (a)

Rawlinson says regarding Phosnician glass-makers:

What was the amount of excellence which they attained is uncertain; but the fame of the S1dommn glags in early times would seem
to imply that they surpassed the artists hoth of Assyria and Egypt. (b)

LATE PHENICIAN GLASYS MANUFACOTURE.~—AS in Egypt, the manufacture of glass was continued in Pheenicia,

.-especlal]y at Sidon, far into the Christian era, even as late asthe twelfth century, at which time it appears to have

retained some of its ancient reputation. The art also seems to have found a place in the industries of the other
Syrian cities. In the twelfth century some Jews of Antioch were known as glass-malkers. In the fourteenth
century Damaseus was the chief seat of glass-making in the Hast, and as late as the seventeenth century
glass-making is mentioned among the industries of Smyrna.

GLASS-MAKING IN THE OTHER ANCIENT MONARCHIES,—In following thehistory of glass-making, thereis little to
note after leaving the glass houses of Egypt and Pheenicia until we reach those of Rome. The other great
monarchies do not appear to have become celebrated in this art, as the specimens found in their buried cities do not
furnish sufficient data te enable the formation of any judgment as to the extent to which glass-making was practiced,
and but little as to the character of the glass. '

ASSYRIAN GLASS.—DLayard found in the ruins of Nineveh, which was destroyed 625 B. C., 2 number of specimens
of glass, among which were a glass lens and a small vase or bowl of a transparent green glass with the name and
title of the Assyrian monarch Sargon (719or 722 B. C.) This was blown in one piece, and was then shaped or hollowed
by a turning machine, and is regarded as the earliest specimen of transparent glass. An earlier vase, with the name
of a Khorsabad king, which Layard found, was stolen or lost. Many glass vases and bottles of elegant shape were
unearthed in the same mound, some of which were colored, some ribbed, and others otherwise ornamented. In the
palace of Babylon, at Kars, vases and bottles of gilt glass of Assyrian origin have lately been discovered, and M.
Botta found among the ruins of Nineveh a round glass bottle or vial with oblong black spots melted into the glass,
the earliest specimen of the tear-sown bottles known, the “gufres de Venise”. The discoveries at Babylon, while
they show the use of glass by its inhabitants, indieate the possession of but little skill, the vessels found being of
small size, and the bottles very frequently misshapen. Egypt, however, exported immense quantities of small
glass articles to Babylon, and some of the glass found may have heen of Egyptian origin. :

GREEK GLASS.—Butlittleis known of the history of glass in Greece. Homer does not mention it, Aristophanes
being the earliest writer who refers to it, and the excavations by Dr. Schliemanu throw hut little light on the subject.
At Mycenz and Troy he found but few pieces of glass, and these only beads, disks, and picees of vitreous paste.
‘General De Cesnola brought to light at Dali, in the island of Cyprus, a remarkable collection of Greck glass,
containing 1,700 pieces, some of which show great skill; but these are by no means of the earliest Greek period, and
are placed by him at later than 100 B. C. Greek art, however, had considerable influence upon Roman glass.
The Portland vase, for example, shows marks of Greek rather than of Roman art, though it is not certain that it
is of Grecian workmanship. Howeéver, it is certain that some glass was made in Greece, and many of the lovely
‘Greek vases of the tombs of the countries of the Mediterranean are undoubtedly of this kind of glass. The Grecks
appear also to have used glass oceasionally. for purposes of architectural decoration dunng the best pemod of
Girecian art, but not to the extens that it was afterward used at Rome.

LARTHAGINIAN GLASS.—There is some evidence that Carthage was the seat of glass-making. As is weIl
known, this city was thoroughly Tyrian, and the relations between it and the mother city were very close. It is
probable that most of the glass used in the African colony was procured in Pheenicia, At the same time M. Deville,
whose contributions to the history of glass have been so valuable, found on a tomb at Liyons the name of ¢ Jules
Alexander Africanus, citizen of Carthage, artistin glass”. If this artist was from old Carthage, he must have gone
to Lyons at least as early as the sack of that city, 146 B. C. Mr. G. Rawlinson attributes to Carthage work-
shops many of the glass objects found in the northwest of Africa. The only glass yet found in the ruins of
Carthage was in the tomb of Thapsus, but the tomD is probably of the Roman- Garthage period.

ETRUSCAN GLASS.—But little is known of the state of the glass-makers’ art in Italy prior to the Christian era;
but there is evidence from Etruscan tombs that this people, who are noted for their massive engineering works, were
acquainted with the use of glass, and some very fine specimens have been brought to light. These specimens,
however, are believed not to be of Etruscan origin, and as yet no distinet ev1dence of glass manufacture ameng
this people has been found. ‘

a Kenrick: Phenicia, p. 249, b Rawlinson’s Origin of Nutions, p. 57,
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INTRODUCTION OF GLASS-MAKING INTO ROME.—It is uncertain when glass-making began to be practiced in:
‘Rome. By some it is assigned to 536 B, C., but others place its introduction as late as the time of Cicero, 106 B.C.,.
and state that the first works were near the Flaminian circus. This laster statement is probably not correet.
Though Cicero is the fivst Latin anthor who refers to glass, it was not, however, until the days of imperial Rome thas
glass-malking in that city attained any importance, either by reason of the character or the extent of its produets.

- It is probable that a cheap glass had been made in Rome before the time of the Csesars, but the Romans had been
dependent upon Egypt for the bulk of their glass, and with the wealth and luxury of the empire came a demand
that stimulated its manufacture and use to a degree of development that has, in some respects, never heen
excelled, and perhaps never equaled. The beginning of the better period of Roman glass dates probably from
Augustus. The secrets of the Iigyptian glass houges were secured by purchase or by threats, and the long:
i usion, remelting the frit, and the slow cooling, that had given much of its reputation to Egypt, became the property
of Rome. With this knowledge came perfection, and gold and silver cups gave place to those of glass. Strabo
says “that in Rome such improvement had been made in the coloring and process of working, especially in making
glass of a crystalline appearance, that you might buy there a cup and dish for half an as”. The degree of skill in
manipulation shown by the Roman glass-malkers, as well ag the taste exhibited in designing, is evident, not only in
the stories of the fabulous sums paid for samples of their work, but in the exquisite specimens of their skill that
have been preserved, such as the Portland and the Auldjo vases and the Naples amphora. These are as beautiful
objects of the glass-makers’ art as have been produced in any age of the world, and though at some of the late-
expositions onr modern glass-malkers have shown most elegant work in similar style the work of the Romans has
rarvely been excelled. (@)

AMOUNT AND VARIETY OF THE PRODUCIION OF ROMAN GLASS HOUSES.—If these vases and other similar
works show the skill attained and the elegance and variety of the products of the Roman glass houses, the prodigious.
quantity made is evidenced by the wonderful abundance of the fragments of glass found even now, not only in and
around the ancient city, but in all parts of the world where the Roman legions penetrated. Nesbitt states that
in the winter of 1858-'59, during a residence of four months at Rome, he saw in the hands of dealers fragments.
of at least 1,000 to 1,200 vessels of colored glass, for the most part the crop of that season’s discoveries. ()

The number of specimens of Roman glass that have been found in Germany, France, Spain, and especially in
England, is very great, the museums of those countries abounding in examples, and even now in some of them
it is no uncommon oceurrence to bring to light glass of the Roman period, The use of glass in Rome was not
only very extensive, but entered into use for some purposes to a mueh greater extent than in modern times. TFor
domestic purposes, for architectural decoration, and for personal ornaments, it was used far more extensively than
with us, and so common was its use, and so largely and cheaply was it produced, that, as stated by Strabo in the-
passage above guoted, a cup and a dish were sold for a coin worth a little less than a cent.

LATER GLASS-MARING.—AS stated, it is uncertain when the art was introduced into Rome. It was probably
derived from Egypt, but it did not reach perfection until after the beginning of the Christian era. A company of
glass-makers established themselves in the city in the reign of Tiberius, and were assigned a street near the Porta
Capena. In the succeeding reigns marked improvement was made, and in A. D. 220 glass-making had become of”
so much importance that Alexander Severus levied a tax upon its manufacture in common with other industries,
which lasted until the time of Aurelian, if not later. Pellatt thinks that this tax was one of the causes of the

. transfer of the art to Venice, (¢) but the transfer is more correctly ascribed to the incursions of the barbarians,
and the dispersion of glass-makers attendant upon them.

BYZANTINE GLASS.—With the decline and fall of the city of Rome under the torrent of the German and
Hunnish hordes the manufactories fell into comparative neglect and were confined to articles of every-day use.
When Constantine the Great, about A. D. 330, made Byzantium his eapital, he attracted to the city, with other
tradesmen, the glass-makers of the world. - In the first half of the fifth century the Emperor Theodosius exempted
the glass-malkers from all taxation. In the commencement of the eighth century Justinian II furnished the
Caliph Walid with glass mosaies for a new mosque at Damascus, and in the middle of the tenth cenfury
Romanus II sent presents of glass to Cordova; indeed, so extensive was its manufacture at Byzantium that
one of the gates leading to the port tool its name from the adjacent quarter in which the glass houses were
situated. As has been noted, many of the Byzantine artisans came originally from Rome, and brought with them
the traditions and customs of the art as it had been practiced there. Thege, as was customary in this early period,
were handed down from father to son. In the new Rome of the Bast glasssmaking for a while assumed a front rank
among the arts, but from the specimens that have come to us it is evident the skill and splendor of the Roman
period was not reached, though for five hundred years at least Byzantium secured and held the markets of the world,
This art, with others, however, fell under the adverse influence of the bigoted emperors of the Bast, and the ancient

. a The reproductions of the Portland vase in jasper ware by Wedgwood are well known, but its reproduction in glass by Mr. Joln
Northwood, of Wordsley, England, is not so noted, . _
b South Kensington Museum Ari Hand-book: Glass, by Alex. Neshitt, F. 8, A.; page 19, ‘'Those interested in the character of Roman
glass and its manufactare will find in this werk a very complete description,
e Seel gC{')uriom‘,tie's of Glass-making, page 8, note.
1
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‘traditions were wholly lost. The glass that belongs probably to the later period shows but little of the elegance of
form and the skill in manipulation of the early Byzantine and later Roman, and the weakness of the later days of the
-empire of the Tast had impressed itself upon its art, and with its fall its artisans were scattered, many seeking the
‘shores of the Upper Adriatic to renew their art and restore some-of its lost glory in the rising city of the refugees,.
Venice.

EARLY GLASS-MAKING IN OTHER COUNTRIES.—The details of the manufacture of glass in other countries
prior to the Middle Ages are imperfectly known. Pliny states that the glass works of Gaul and Spain were
-established before those of Rome, and it may be possible that this is true, as in. the days of the later republic and
-early empire Rome was too intent on extending its conquests to give that attention to the arts, other than those
.connected with war, which it afterward bestowed upon them. Wherever the Romans extended their conquests,
liowever, in the western part of Europe, glass is found to a considerable extent in the rnins of their ocenpation.

GLass 1N FPrRANCE.~M. Fillon considers that the manufacture of glass in France began at Poitiers (a) in the
-gecond century. (b)) These factories were active in the Roman and Frankish periods, survived the Norman invasion,
and were left a legacy to the gentleman workers of the Middle Ages. Ju many tombs of the Gallo-Roman period
in the neighborhood of Poitiers large guantities of vases of varied form, and sometimes of delicate and carefnl
workmanship, are found; but the amount found in these and other tombs of France can only be described as immense.
ADbbéE Cochet states that 20,000 vases were found buried in the cemeteries at Terre-Nigre, Bordeaux, and in many of
the tombs glass vials, childrern’s glass toys, beads, twisted sticks, and tiny glass vases, some not exceeding half an
inch high, were very common, all indicating the extensive scale upon which the industry was operated. In the
Boulogne museum are preserved some curious barrel-shaped jars of a low-grade glass quite green in color, bearing
the mark of the imperial factory at Frontincennes, at Forét BEu, which is supposed to have been started in the
second century, and was the school shop of all the Norman factories of later times. It is still a great factory, and
must surely be about the oldest in the world.

It is impossible to give a suggestion even of the styles and character of early glass found in I‘rance As
Christianity advanced and spread over Gaul the character of the glass changed, and in this way its history can
be,ina measure, traced. Its use for church purposes also became established, a pope inthe year 197 having ordered
that wine should not be consecrated, as heretofore, in a wooden, but in a glass vessel. (Glass chalices were used in
the fifth century, but at last glass became so common that it was not deemed costly enough to celebrate this mystery,
and the church found it best to interdict its use, though glass vessels were gtill used as late as the tenth century.

M. Fillon says that the written documents connected with glass works begin in the ninth century. Normandy
was the first country where special privileges were given to glass-workers, and in the tenth and eleventh centuries
the first dukes of Normandy bestowed special glass-making privileges on four families attached to their persons,
these families continuing the manufacture of glass and enjoyed their privileges up to the last century; and to thisday
descendants of one of these families, the Brussards, are to be found as glass-makevs.

Sramn.—If Pliny’s statement quoted in connection with France be true, glass was made in Spain before it was
in Rome. As to the localities of these early woiks, Mr. Nesbitt quotes Sinobas as anthority that in the Ibero-Roman
period ¢ glass was made chiefly in the valleys which run from the Pyrenees to the cost of Catalonia near the Ebro,
also in Valencia and Murcia. Ruins of furnaces still met with in these parts are smallin diameter”. Tt is believed
that the manufacture continued to exist under the Gothic kings, though others are of the opinion that the art did
not survive the invasion of the barbarians, ' There is evidence that in the seventh, tenth, twelfth, thirteenth, and
fourteenth centuries glass was made in various parts of Spain. An edict of 1324 banishes all glass ovens from
inside the city of Barcelona, and after this date large quantities of glass seem to have been manufactured in
Spain, both for home use and exportation.

GERMANY.~—In Germany also the influence of Rome on the ezu'ly glass ismarked, and it is probable that glass
was made in the vieinity of Cologne, Treves, and other places near the Rhine during the Roman occupation, but
many questions in connection therewith are as yet unsolved. As to the glass of later times there is similar
uncertainty. The drinking glasses found in the Saxon graves of Germany are similar to those found in France and
England, but it is undetermined whether these were made in the countries in which they were found, or ave all the
product of one of these countries, and if so, which ove. It seems probable, however, that the art of glass-making
was not wholly allowed to die out after the Roman dominjon had passed away. The early glass of Germany was
inferior in color and ornamentation to that of its more southern and artistic rivals, but it was superior to them in .
hardness. The first notice of glass-making in Germany in any document yet published is that to the Bishop of
Mainz, elsewhere referred to, in which the Abbot of Wearmouth, England, wrote about the middle of the eighth
Lentm' , asking him to send him workmen who “ can wake VGSSGlb of glass well?, Window-glass was also made
in Germany at a very early period, and mirrors were made as early as the twelfth century. The use of the tin -
amalgam is claimed as a German invention of the fourteenth century, and German authors claim the invention of
painted glass for their workmen. ' :

a See Glassin the Old World (page 126), to whiel I am indebted for much of the information abent early French glass, o

b This can hardly be so if Pliny’s statement is true. 1101
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BrITIsSH ISLANDS.—Though the evidence seems to indicate that glass was made in Englarnd by the Romans, it.
is not as yet quite fully determined that such was the fact. Beads and glass vessels of various kinds are found in
tombs of the Roman period, and fragments of ornamented glass, and even of window-glass, are often met with in the:
ruins of towns and villas; but the similarity in most instances of these to Roman glass lead to the belief that they
were imported. The probwbﬂltles are that, if glass was made in England by the Romans, it was of the coarser
kind, the finer articles being the product of other countries. The remains of a glass furnace found at Buckholt in
1860, however, if it was of Roman origin, which is deubtful, would prove that colored and ornamented .glass was.
made in Bngland in the days of the Roman occupancy. It is worthy of note that some authors claim that glass was
- made in Britain in pre-Roman times; but if it was, it must have been of the coarsest and most common kinds. In

Kentish graves, dating from about the time pf the eonversion of the Saxons to Christianity, many vessels of glass,
mostly the peculiar elongated tumblers, are found, which Nesbitt thinks there is some reason to believe were made
in England, though they resemble greatly French and German drinking vessels. Atwhat time the manufacture of
glass became firmly established in Britain is not known. In A.D. 670 an attempt was made to establish a glass
factory at Newcastle-on-Tyne, but it was a failure, and eight hundred years passed before the attempt was renewed
butin A, D. 675, when Benedict made glass for his monastery at ‘Wearmouth, he imported workmen from France, who.
were probably skilled in making cast, not blown, glass for the windows, and eighty years later the Abbot of
Wearmouth asked the Bishop of Mainz, in Germany, to send him a maker of glass vessels, For some centuries from
. this glass-inaking seemed to languish in England.

Little ancient glass is found in Scotland. Rome had but little foothold on its shores, and butfew fragments of
Roman glass have been found. Dven the Druids left but few of their paste beads to be preserved in tombs. No
record of glass-making in this country exists until 1620.

In Ireland there are more evidences of early glass-making than in Scotland. The art seems to have been
practiced at an early period, and mosaic glass dating as, early as 1112 exists. Some chalices are also in the

- museum of the Irish Academy that are supposed to date from the ninth and tenth centuries.

PERSIA, that ruled Egypt so long, carried away captive its most skilled workmen and artists and employed
them in building and decorating their famous cities, Persepolis and Susa, and among the ruins of these cities to this
day are found fragments of mosaics and other glass, evidently the work of these Egyptian captives. At least 400
B. C. the Persians made glass, as the Athenian ambassadors to Ecbatana drank ¢ wine out of glass and golden.
cups”, and the remarkable cup of Chosroes I (A. D. 532) proves that the art was practiced long into the Christian
era; and even to the present glass works are in operation. .

OHINA.—The same mistiness that surrounds everything in connection with the arts of this mysterious empire
attaches to glass-making. There seems some reason to believe that glass was made in this country before the
‘Ohristian era, though it does not appear to have attained much impertance. The ancient books state that mirrors
were made from pebbles and materials obtained from the sea and reduced to ashes, which is a fair description of
glass-making. A factory still in existence in Shan-tung is believed to date as far back as the third century.

INDIA.—There are few traces of the manufacture of glass in India. The remark of Pliny that Indian glass
was the finest, being made from crystal, is now believéd to refer to Ohmese glass, as no examples of early glass of
undoubtedly In(ha,n origin have yet been found.

CmaPTER X,—MODERN GLASS.

MODERN GLASS-MAKING DATES FROM VENICE.—We have dated the history of glass-making from the workshops
of Venice and its island of Murano. It was in the glass-houses of that  gentile island?”, (a) as Howell terms it, that
the art that produced the beautiful and exquisite forms of Roman glass was revived, and from its * whole street of
glass furnaces” came the knowledge and inspiration as well as many of the workmen who carried its manufacture
into many of the countries of Europe, and laid in these countries the foundations of the glass industry that has
. continued until the present time.

Venetian glass did not, however, at once attain the full measure of its reputation. TFer many years after the
establishment of the industry in that city Egyptian, Pheenician, Roman, and Byzantine glass were those of most
repute in the markets of the world, while the earlier products of the Venetian glass houses were ot a greatly
different character from those that in the sixteenth century gave Venlce such renown.

1162 a See Howell's Familiar Letters. Firat letter dated Venice, May 20, 1621,
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INFLUENCE OF BARBARIANS UPON GLASS-MAKING.—QGlass-making, with all other arts, felt the influence of
the barbarian deluge and that strange stupor that marks the centuries from the close of the fifth to the close of
the eleventh. The demand for glass for other than the most common uses quite ceased when the barbarians
conquered Rome and appropriated its wealth. The glass works of the imperial city were broken up and the
workmen, for the most part, slain or scattered, while those that continued the art, from lack of opportunity, soon
lost their cunning. Only in one branch did any of the former glory remain: the manufacture of mosaics and
painted glass for windows. Here, as in so many of the arts, the church saved glass-making from perishing from
the earth,

REVIVAL OF ART INFLUENCED GLASS-MAKING,—Such was the condition of glass manufacture when the works
of Venice began to assume importance; but as the eleventh century drew to a close the great cities of Germany and
Ttaly, with their opportunities for commerce and the arts, arose, and 'aunong them the republic city of Venice, and
the artisans in glass of reputation were attracted to this rising city and shared in the great art revival of the Italian
Renaissance. The false and debasing canons of the art of the dark ages were cast aside, and from the study of
the pure and simple antique came those great works in modern glass that are regarded as masterpieces in form
and color.

BEARLY VENETIAN GLASS-MAKING.—It is'not known when glass began to be manutactured in Venice. The
Venctians place the date as early as the fifth century, but there is no evidence of its existence earlier than the
eleventh, with the exception of certain mosaics that may be of Byzantine origin. In.the thirteenth century the art
had grown to considerable magnitude, and about the middle of this century codes of rules for regulating glass-
workers were drawn up. In 1291 the Council of Ten, to guard against fire, ordered that the glass furnaces in the
ity should be demolished, but that they must be reconstructed in the district of Venice. This led to sthe
establishment of works at Murano. This edict was afterward modified so as to allow the manufactories of small
wares to remain, provided theve were fifteen paces left between the works, In 1275 the council prohibited the
exportation of glass-making material, and in 1295 renewed it; in addition, it levied a heavy fine upon all glass-
malkers who should leave Venice to practice their art in other cities, and in 1474 death was made the penalty. At
Lhisg time the fame of Vonetian glass had become so great that extraordinary efforts were made to induce workmen
to leave Venice and establish its manufacture in other countries, and England, Spain, and Flanders all endeavored

to secure workmen to build up their glass works. This was the occasion of the edicts of the great council to which

we have referred. () In the sixteenth and seventeenth centuries glass-making reached its highest development in
Venice, from which time it began to deecline, and in the eighteenth century Iingland, France, and Bohemia began
to compete successfully with Murano, interrupting its trade, and the works became idle, the glory of Venetian
glass departed, and only beads and common ware came from the shops that for five centuries had given an
incontestable superiority to Murano. This lethargy remained until the art was recently revived through the efforts
of Dr. Salviati, ' .

IXTENT OF THE INDUSTRY AT VENIOE.—~The extent to which this art was practiced in Venice can be inferred
from the fact that in the time of its prosperity 8,000 men were regularly employed, and the glass houses extended in an
unbroken line for a mile along one of the streets of Murano.- The manufacture was not carried on, as now, in large
establishments, but by artisans working on a small scale, which may account for the great variety of form. For
the most part, the glass, with the aid of the pincette, was shaped before the blow-pipe, and the forms of the product
were vessels, window-glass and mosaics, optical glass, mirrors, and beads. '

CONDITION AND RESTRICTION OF WORKMEN.~Mr. Jarves, in his admirable paper in Harper's Magazine on
Venetian glass, in speaking of the causes that produced such a body of workmen and maintained the superiority
of its glass through so many centuries, says:

As early as 1500 there were twenty-foux glass houses at worl at Murano, each having more or lessits specialty. Thefurnacesin general
were small, Daring the period of its greatest prosperity (the fifteenth, sixteenth, and seventeenth ceutun.es) Muz:a,no counted. 30,000
inhabitants, now reduced to about 5,000, Each owner of a factory was obliged to contribute annually a certain sum mto‘a. common fund
for the succor ot uie unfortunate of their own class, poor and infirm artisans, or those out of employment, fmd for the m‘amt‘enm.me of the
schools of inventive design. No apprentice could be admitted as & master-workman hefors passing a strict examination in his art and
proving his gkill In the manufacture of certain objects. The candidate was elected into the body of masters by their secret ballots. Each
fa.ctory was subjeet to inspection, night or day, by certain officers, whose duty was to see that the work was regula.,r according to the statutes,
to note the quantity and quality of the objects, and that no glass in fragments or cullet be expur_ted. Propm'etors and master-workmen
of’ ten years’ experience, if they honorably failed and had no other means of subsistence, were entitled to 1_)ens1ons of 70 ducats annua}ly.
When there were more master-workmen than could be profitably employed, it was forbidden to increase their number fror_n the apprentices
until there was a'teal call for new hands. Whoever became a member of the guild was obliged to take an oath of ﬁdehty_'. No one Wh_o
lriad not aregular discharge from his employer conld be received into the service of another, and every proprietor was obliged to seal his
¢ases with his own trade-mark. It was forbidden to employ strangers under any pretense. If there were m_)t enough of the Muranese .at
times for labor, or to exerecise the art, Venetians only might have the privilege, but they must be’ duly qualified. No er.nplqygzr could hire
a master-workman who was in debt to another of the guild., Such were some of the regulations fo 'keep the arf in o hlvgh state ?f
efficiency, and which for more than five centuries gave it an incontestable superiority in-its sp.ecla,l ain over other esta.blxshmc'ants in
Europe. In fine, Murano became as artistically famous for its glass as Urbino, Pesaro, Gubbio, or Chaffagiola at the same time for .

magjolica, but with far greater commercial development.

aIt is impossible to fonow the history of glass-making at Venice. An admirable account will be found in Nesbitt's ¢ Glags” in the

Soutl Kensington Art Hand-book. 1103
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GLASY IN THE DARK AGES—As has already been stated, the barbarian invasions and the destraction or
decadenee of the Roman power brought with it a decline in the art of making glass. The conquerors of Rome had
but little in common with the taste and refinement that bave songht and preserved as precious treasures the dainty
and exquisite gems of the glass-maker’s art of whieh so many evidences remain, and under their early dominion it
seems probable that only the commoner and more useful forms of glasswere produced. Thus it would appear that

_while glass-making in most of its higher and artistie processes was a lost art for some centuries, it was not wholly
forgotten, but in all countries where Roman enterprise had established glass houses the art was preserved. It

seems certain that France, Gérmany, Spain, and possibly England, made glass during the period of its decadence,
and thus kept alive the practice of the art that was afterward, under the influence and example of Venice and
by the art of its workmen, to grow in most of these countries into the glass works of to-day.

FRANCE.—I1t is reasonably certain that the manufacture of glasshas not been wholly lost in France at any time
since the days of Pliny and the Romans. The glass works at Poitiers, which were of so much importance, and
‘whicli, if the evidence of the tombs in it§ neighborhood is to be taken, produced such enormous amounts of glass
during the Roman period, seem to have wmaintained a continued existence and to have been of nolittle acconnt
even into the eighteenth century, when the industry declined under the competition of the glass houses of La
Rochelle and Nantes. Thercis no doubt, however, that the works of Poitiers felt the same advevse influences as fell
upon those of all Europe, and also that the new skill and the advance in its art that marked the close of the
gixteenth century came from Venice. In 1572 one Salviati, ¢ gentilhomme de Mm‘zmo,” came to Poitiers to practice
his art, and was undoubtedly accompanied or followed by others. Their presence is evidenced in the efforts to
produce fine and ornamented wares, and enameled glass, pretty drinking-cups, vases, and bottles, both white and
colored weresome of the productsof theperiod that followed the coming of these gentlemen of Murano. (lass-making,
however, was by no means confined to the neighborhood of Poitiers, as works were erected at Provence as early as
the thirteenth century, and attained considerable skill in the sixteenth. Large quantities of glass were made in
Normandy in the twelfth century, and the le Valliant family, upon whose ancestors Charles VIII, in 1490, conferred
the ¢ privileges de verrerie”, have continued its manufacture up to the present century, -In the Boulogne museum

are some barrel-shaped jars from the imperial factory of Frontincennes, which is supposed to date to the second -

wcentury, and is still a great factory. In 1598 Henry IV permitted two ¢ gentilshomme verriers ”, natives of Mantua,
to establish themselves at Rouen, in order to make “verres de cristal, verrves dorés, emaulx, et autres ouvrages qui
se font & Venise”, and in 1603 the same king established works at Paris and Nevers. Colbert, the great finance
minister of France, who did so much for French industry, wrote to his ambassador at Venice in 1664 requesting
dim to procure workmen for a glass house; but the story rans that the ambassador replied if he did so he ran the
risk: of being thrown inte the sea. In 1665, however, eighteen Venetian glass-makers were obtained, and the
manufacture of mirrors was begun at Paris. Colbert united this with another existing at Tour-la-ville, near
‘Cherbourg, and in 1693 the united works were transferred to Saint-G-obain, where the manufacture is still carried
-on upon a very large scale. It was about this date also that Thevart redlseovered the method of casting plate-glass,
and succeeded in making plates 84 by 50 inches. '

For a time in the eighteenth century France seems to have lost the art of making ¢ vases de verre?”, as in 1759
the Academy of Sciences offered a prize for the best essay on the means by which the art could be revived. If this
was true, France has abundantly recovered its prestige, and Baccarat wares are to-day the rival of any. Trance seems
.also for a while to have been behind its neighbors in the manufacture of blown window-glass. Even in the beginning
-of the eighteenth century the French imported from Germany and Bohemia whatever window-glass of the better
sort they used. In 1740 an association for the making of French cylindrical or broad window-glass was formed by
Drolinvaux,workmen being drawn from Germany, and a manufactory was established at Lettenbach (Saint-Quirin),
which attained good repute, and became later the parent factory of the modern French, Belgian, and some Inglish
plate-glass worls.

A late German writer, from whom the above statement is derived, states also regarding the influence of
-Germany on French glass- makmg

By holding closely together, and by steadily and firmly rvepelling Freneh approntices, the workmen who had been attracted frora
‘Germany kept off the competition of the natives of the country during a long fime, and, as a consequence, even at the presont day,
among the French artisans in glass a very great majority bemr German names, while German words and phrases are very numerous amony
the technical terms of the art.

The first lead-flint glass melted in France was by Lambert, at Saint-Cloud, in 1784. In 1790 the erystas
manufactory of Muensthal, or Saint-Louis, was founded., In 18"3 d’Artigues bought the glass manufactory of
Saint-Anne, and changed it into the world-famous ¢ Crystallerie de Baccarat”.

SPATN.—In this country, as in France and Germany, glass was made in the Roman period, and it is probable
‘that its manufacture did not wholly cease in the dark ages, though this is not as well settled as in the case of
France. Sefior Juan F. Riano (I quote from Nesbitt), in the introduction to the catalogue of art objects of Spanish
production in the South Kensington museum,has supplied much information with regard to the later history of
Spanish glass. making. He commences the modern history of the art in Spain by stating that an Arab author of
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the thirteenth century says that Mercia was renowned for the fabrication of glass and pottery, of both which
materials large vases of the most exquisite and elegant shapes were made by the Moors; and that “Almeria was
also famous for the fabrication of all sorts of vases and utensils, whether of iron, copper, or glass”. The making
of glass-at Barcelona was probably of equal, if not of greater antiguity.

-In a municipal ediet of 1324 is a probibition that the glass ovens should be inside the city. In 1455 permission
was granted to the ¢ vidrieros” to form a corporation under the patronage of Saint-Bernardino, and from this
period some of the members figure as holding municipal charges, Jeronimo Paulo, who wrote in 1491 a description
in Latin of the most remarkable things at Barcelona, says ¢ they also send to Rome and other places many glass
vessels of different sorts and kinds, ‘which may well compete with those of Venice”. Marineus Siculus, who writes
at the beginning of the sixteenth century, says *that the best glass made in Spain is that of Barcelona”; and
Gaspar Baneiros, in his Chronographia, published at Coimbra in 1562, mentions that excellent glass was made at
" Bareelona, almost equal to the Venetian., From the beginning of the seventeenth century there are several allusions
to the merit of the Barcelona glass, and to the vast quantity which was exported.

(3lass was also made at Cadalso, in the province of Toledo, as early as the beginning of the sixteenth century;
other works were at Torre de Esteban, Hambroz, in 1680, which gave the most brilliant results, and at Recuenco,
in the province of Cuenca, in the beginning of the sixteenth century, and in 1722; also in the seventeenth century
at Valdemagquada, in the province of Avilo. In a royal schedule, dated 1680, stating the prices at which things .
were to be 80ld in Madrid, glass made at Barcelona, Valdemaquada, and Villafranca in imitation of the Venetian
is mentioned; and the glass of Valdemaquada was sold for a ‘higher price than that made @t the other places.
There was also an important manufactory at Lia Granja, famous for fine chandeliers, mirrors, and engraved glass.

What we have of the products of these factories scarcely seeths to support the assertion that the glass rivaled
Venetian, though several pieces iu the collection formed by Sefior Riano closely resemble the products of Murano.
One reason of the success of 850 many factories making glass of the same character as Venetian, and of the failures
of England, was, no doubt, that the Spanish, in the interior of a country ill provided with the means for the transport
of such an artlcle, did mnot sustam 80 severe a competition as the English factories.

Spain is not a country very productive of fuel, and doubtless when the glass honses had burned up the wood in
their neighborhood the manufacture ceased to be profitable. It wounld seem that, except near the coast, the glass
must have been made with potash obtained from the lees of wine or from burnt weod, as the transport of soda,
either from Bgypt or from'the goast, on which it conld be produced from seaweed, would have been extremely costly,
At Barcelona and other places on or near the coast soda may, of course, have been nsed.

GERMANY.—Though the specimens found in the neighborhood of Cologne, Treves, and other places bordering
. on or near the Rhine indicate that glass was made during the Roman occupation, it is not clear that it continued
te he manufactured after this time. TFrom the tenth to the fourteenth century, however, it is certain that window-
glass was made in considerable quantities, and the letter of Cuthbert, Abbot of Wearmouth, to Lullo, Bishop
of Mainz, about {he middle of the eighth century, would indicate that glass vessels were made as early as this,
Vessels of the sixteenth century, however, are quite common, among them the “wiederkoms”, some of which are
twenty inches high, the oldest of which the date can be ascertained being 1553. Irom the Wood cuts in Agricola’s
De Ee Metallica, published in 15.)6 we may gather some idea as to the products of German glass houses at that
time, which seem to be vases, bottles, and retorts, but he does not indicate that any fine glassware was made
in Germany. About the year 1600 glass was extensively made in Bohemia and other parts of Germany, and the
fine crystal glass of Bohemia may date from this time. In 1609 glass-cutting was practiced, and some of the work
in this century was said to be of remarkable fineness and delicacy. The invention of etching with fluoric ucid is
ascribed to Henry Schwanhard in 1670, The Electoral glass works, on the Isle of Peacocks, near Potsdam, way
established in the eighteenth century, and, under Kunckel’s management, gained great celebrity for its gold ruby.
Then, under the ministry of Danckelmann, French workmen were drawn into the country, and under Moor’s
management the manufacture for blown plate-glass was established in 1695 at Neunstadt-on-the-Dosse, whose
workmen, when, after Danckelmann’s overthrow, Neustadt for a time fell into stagnation, founded, at the instigation
of the elector, Lothar Franz, the mirror manufacture at Lohr-on-the-Mayn, which in course of time attained to
great distinction. Similar manufactures were soon afterward established at Schleichach, near Wurtzburg; at
Tahrafeld, near Viénna', at Gruenplan, near Hanoverian Minden; at Senftenberg, in the electorate of Saxony; and
at Alten- Kronau in Hesse. Finally, in 1710, through the mﬂuence of Count Rechtskron, mirror or plate-glass casting
was introdunced from France, and a mirror foundery was established after the model of Saint-Gobain at Neuhaus
with French workmen, which, though protected in every way and defended by prohibitive regulations, in 1728 passed
over to the Austrian state. In fact, plate-glass casting did not prosper in the beginning any better in Germany
than in France. As little successful, too, were the attempts in various places made to obtain useful flint- glass for
optical purposes, and it was not unt11 1806 that Utzschneider, at Benedietbeuren, produced such an article of the
kind as answered the ends for which it was required.

Boaemra.—It ‘was in Bohemia that Venetian glass first found a successful rival, this rivalry being at first
manifest in the quality of the glass itself. Venetian gla.ss had never been noted for the purity of the m%tal, and
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with their purer materials the Bohemians were able to produce a much whiter glass than the Venetians could wiil.
tlieir somewhat impure sand and soda from seaweed. The Bohemian crystal, therefor e, soon became noted, and for
centuries was held in high estimation, and only lost its pre-eminence with the invention of English flint. But it
was not alone in the purity of its glass that Bohemia became the successful rival of Venice, for in the beginuing o#
the seventeenth century the decoration of glass by engraving, probably a Bohemian invention, which soon became
the f as]non, sadly interfered with the products of the Italian city. The cut-glass was especially noted, and so sharp
and injurious did the competition become that one Briati, a glasg-maker of Murano, determined to go to Bohemia
and learn the secret, and accordingly worked for three years in a Bohemian glass house as a porter, returning
to Venice in 1739 to obtain a patent Tor ten yeavs for the production of glass after the fashion of Bohemia. The
excellent chavacter of Bohemian glass is noticeable to this day, and the skill of the workmen who robbed Venice
of its glory has not departed from the forests of Bohemia.

TeE Low COUNTRIES.—But little is known of the glass mdustry in the Liow Countries until a very recent
period, though it is positive that glass was made in Flanders as early as the fourteenth century. ¢ Crystal of
. Anftiwerp” is mentioned in 1509, and in 1563 glass is mentioned as among the articles of export from Antwerp to
England. In the first half of the seventeenth century several Muranese glass-workers obtained privileges for
making glass, and in 1642 John Savonetti was permitted to establish glass-making at Brussels with an absolute
prohibition of all imports. In the sixteenth or beginning of the seventeenth century were produced the glasses on
which are to be seen the pamtmps of John Steen, Zerburg, and others. In comparatively modern times the vorks
of Belgium have been quite noted, at one time the product of vases and such ware surpassing the French. I5is
stated that the celebrated Baccarat works were gstablished by Belgian workmen,

Brrrism ISLANDS.—As has already been noted, there is considerable doubt as to the continued existence of -

the English glass works after the period of Roman occupancy, and it was not until the beginning of the fifteenth
century that they awoke from their period of actual or comparative idleness. In 1447 John Prudde, of Westminster,
covenanted to “ use no glasse of England” in executing the windows of the Beauchamp chapel at ‘Warwick, which
would indieate that glass was made in England at that time. The vast palace of Henry VIII that formed one of
the attractions of the Tield of the Cloth of Gold in 1520 was built of wood and glass. The giass-malker’s art,
]Jo*vever did not ,Ldva,noe rapidly, for, in 1557, according to quaint Thomas Charnock:

As for plass-maliers, they be scant in the land;

Yet one thore ig, as I do understand,

And in Sussex is now his habitation;
At Chiddingsfold he works of his oceupation.

In 1589 George Longe petitioned for a patent, in which he stated that there were fifteen glass houses in
England. These he proposed to redace to two and rebuild the halance in Ireland, whereby the wood of England
would be saved and that of Ireland wasted. In the reign of Queen Elizabeth some persecated Protestants from
France came to Newcastle and worked at their trade of glass-making at the Close Grate, and dfterward went to
Tyne. In 1662, I'uller states that ““coarse glass-making was, in this county (Sussex), of great antiquity”, and
another, writing of the manufacture of glass in that county, says:

Neither can we mateh the purity of Venice, and vot many green ones are blown in Sussex profitable tosthe malkers and couvenient
to the users thereof,

INFLUENOE OF VENICE ON ENGLAND.——AS the nse of glass began to increase in England adventurers from
Venice and other portions of the continent songht to advance their fortunes by bringing schemes for making glass
of superior quality before the English government, In 1550 eight Muranese glass-makers, imprisoned in London,
who had been induced to go there by offers of no small sums of money, and who had heard of the edicts of the
Couneil of Ten, petitioned the council to be allowed to work out the money received. On June 13, 1550, the
council, to gratify the king, decided to allow this. TFor the next few years evidences of the influence of Venetmn
workmen multiply, and the art began to assume importance. Farly in the seventeenth century sea-coal began to
be used. Mansel secured the patents for its use in 1616, and set to work making both window-glass and glass
vessels of various kinds, having brought a Venetian to aid him. ADbout this time one of the most importfmb
advances or discoveries in modern glass-making, and one of the very few real discoveries of modern time, w
achieved (the manufacture of lead flint), and the English workman had this beantiful and brilliant glass to smmvahe
his exertions. In 1677 the Duke of Buckingham made at Lambeth ¢ huge vases”, ¢ clear, ponderous, and thick
as crystal,” as well as looking-glass plates and 'windows for coaches. In 1673, at the “Italian glass house ab
Greenwich ?, “glass was blown of finer metal than that of Murano at Venice.” The revocation of the edict ab
Nantes in 1685 drew a number of glass-workers to Bngland, and the manufacture continued to improve, until, in
1736, Dr. Pococke considered English glass to be superior to that of Bohemia, and only inferior to that of the royal
Prussian glass houses. From this time the manufacture of glass was of growing importance, and the details need
not be given. '

Russia.—In Russia the glass industry first obtained a firm footing in thé course of the seventeenth and

eighteenth centuries, having been introduced by German and Bohemian workmen. As regards the details of its
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introduction and establishment, slight information has ever reached the public. We have historical mention of a
glass manufactory at Schabino, near Jamburg, in 1717, and in 1720 an establishment for the making of French
mirrors and dishes and plates of crystal was opened at KICW In the last year of the last century we find mention
of Lund’s plate-glass manufactory at Wyborg, in Finland, and of Bolew’s similar establishment in the Russian
government (province) of Rajasan, At the same time the imperial mirror foundery at Saint Petersburg had
already begun work; and the imperial erystal and hollow-glass manufactory, which exists at the present day, had
been already established at the same place. In-1792, with the aid of workmen from Gruenenplan, the foundation
was laid of the Amelung mirror m'mufactmy ab Dorp at, near which place, in 1780, a similar establishment had been
set up by Major Lauw, but its existence had been brief.

CoarTEr XL—THE PRESENT CONDITION OF GLASS-MAKING IN EUROPE.

CHIEF GLASS-MAKING COUNTRIES OF HUROPE.—The countries of Kurope most largely engaged in the
manufacture of glass at the present time are England, I‘muce, Belginm, Germany, and Austria-Hungary. Each
of these countries not only manufacture most of the kinds of glass nceded for its own use, but the factories
supply the non-glass-making countries of the world and supplement the production of each other and of snch
other states as manufacture to some extent. This is especially true of the finer grades of glassware (ftable and
ornamental glass) and plate-glass.

TACH COUNTRY HAS A SPEOIALTY.—While each of the countries named produces most, if not all, of the chief
varieties of glass, each one has become especially skillful in the manufacture of some particular variety, and has
secured and maintained & pre-eminence in its production that has enabled it to command the markets of the world.

ENGLAND'S SPROTALTIES.—Ingland is especially noted for the beanty, purity, and brilliancy of her flint ware,
which is without doubt the purest and most brilliant made. Individual glass houses in other conntries may produce
flint that may be compared with some English flint, but none, as a commercial product, that can rival it, while in no
other country does the bulk of the flint-glass made approach even the bulk of that made in England, These remarks
apply to lead-flint only, as the American lime-flint is probably, so far as the metal is concerned, equal, if not superior,
to any other. In the blowing, cutting, and engraving of the flint, the regularity and perfection of the work, as
well as the beauty and brillianey of the finished ware, England is unequaled. The exhibit of Thomas WebDb & Sons
at the Paris exposition of 1878 surpasses in these respects, and in the limpid whiteness, purity, and brilliancy of
the metal, all other flint I have ever seen, and was justly entitled to the “grand prix” it received, fhile the vases
engraved by Mr. Northwood in the style of the Portland vase equal in workmanship, if they do not surpass, that
product of the glass-makers’ and enggavers’ art. Certainly no modern work equals if.

FRrANOE'S SPEOIALTIES.—The artistic taste shown in the product of the Irench glass houses has given French
glassware o world-wide reputation. The metal is not as white as that of Bohemia, nor has it the hrilliancy and
fire of the English flint; but for elegance of shape, lightness of design, and beauty of glass, all combined, it is
unsurpassed. The products of the Baccarat works have been regarded for years as models of taste, and have been
eagerly sought for and copied in cheaper wares by the glass houses of other countries. TFranee is also unsurpassed in
the manufactare of plate-glass, the product of the Saint-Gobain worka being taken as the standard of color, quality,
and perfection; and to say that the plate-glass of any works equals French plate is gencrally considered sufficient
praise. () The same artistic taste that has given French glassware so enviable a reputation is displayed in the
staining and decorating of window- and plate-glass. The stained-glass windows of Irench artists show remarkable
ability in designing and execution. (b)) The decoration of fancy ware by various methods, especially by enameling
and etching, is also carried to a high state of perfection, both as to color and workmanship.

BELGIUM'S SPECIALTY.—Belgium is pre-eminently thewindow-glass manufacturer of the world, and though the
other countries mentioned above (England, France, Germany, and Austria-Hungary) all make window-glass to a
counsiderable extent, there is not one of them in which Belgian window-glass does not find a market. A large
amount, equaling a large proportion of their consumption, is also exported to other countries, and even the United
States imported in the fiscal year ending Jtme 30, 1880, 37,927,414 pounds of Belgian window-glass, valued at

a Our Ameriean works claim to have succeeded in naking plate-glass fully equal to the French ; mdeed some works claim to make
Dbetter,

b Most marked advances in the art of staining windows iave been made in the last ten gearsin this conntry, and the productions of
Tiffany and La Farge rival those of the artists of any country. 1107
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$1,230,622. The excellent quality of this glass, as well as its remarkably low price, accounts for this import. The
average value of the Belgian window-glass imported into this country in 1880 was about 3% cents per pound.

GERMANY’S SPECIALTY.—Germany is especially noted in the markets of the world for her silvered plate or
looking-glass and for her cheap table ware and colored vases. The production of mirrors of various grades, largely
of the cheaper kinds, in (Germany is enormous, and their exportation constitute a large part of her foreign trade. Of
the $2,807,747 in value of silvered plate imported into the United States in 1880, $2,746,636 was from Germany.
-The cheap colored-glass vases of this country were the first (about 1830) to suppl’mt the decorated china vases,
which until that time had undisputed sway as cheap mantel ornaments, and she still retains mueh of the trade in
these articles, though other nations manufacture them in large quantities. Germany is also noted for a remarkable
ruby glass, which was brought to perfection by Kunckel in 1679.

AUSTRIA-HUNGARY’S SPEOIALTIES.—Austria, or Bohemia in Austria, rivals France in the graceful formb,
the variety of shapes, and the beauty of the engraving and decoration of its glassware, and surpasses it in the
color and purity of the glass itself. Bohemian glass has been renowned for many years, its workmen apparently
inheriting the skill and some of the peculiar processes of manufacture of the Venetians when the cunning of

- glass-making left the city of the Doges, and it is this cunning in design and ornamentation that has given it its
celebrity, It does not compare with the English flint in brilliancy, and is only equaled by the French in beanty
of contour, but in purity, whiteness, and homogeneity of metal it is the best white glass made in Europe, while
their success in making glass of intricate design and great difficulty of manipulation makes the Bohemian glass
workers second only to those of Venice.

VENETIAN ¢LASS.—Though not a large producer of glass, Venice deserves most honorable mention in any
statement of the specialities in glass manufacture of the different European nations, and the recent very sucecessful
revival of the manufacture of Venetian glass at Murano, that ¢ gentile island which attends the cittie of Venice”,
promises to restore to that city the world-wide celebrity of its former days of glass-making. The wonderful color,
intricacy of design, and execution of the mosaics ; the pastes, gem-like in color and brilliancy; the murrhine of
Pliny; the remarkable enameling of the famous mzze of St, Mark’s; the aventurine or imitation gold.stone, with
its difficulties in manufacture ; vases in millefiori, others with metalhc flakes and spun and twisted threads of
ﬁhgree work ; all of these products of the elder Venetian glass houses are reproduced with wonderful fidelity in
the modern Venetla,n glass of the Venice and Murano GHlass and Mosaic Company. The glass-bead mantfacture
of Venice is also a remarkable industry, 6,000,000 pounds a year being produced, the markets of the world being
largely supplied from this country.

GLASS 1IN OTHER BUROPEAN COUNTRIES.—None of the other Huropean countries are especially noted for
their glass, nor is it made to any great extent in any of them. Sweden and Norway make glass of the commoner
kinds, window, flint, and bottle, but no plate. Russia has largely increased its make of glass in the last ten years,
but does not yet supply the demand of its own people even for the commoner kinds. Holland makes large quantitics
of a square black bottle. Of the glass works of Spain and Portugal but little is known,

PLATE-GLASS FACTORIES IN LRUrRoPE.—The manufactories of plate-glass arve loecated chiefly in IFngland,
France, Belgipm, and Germany.(¢) In England there are six or seven works, in France seven, in Belgium five,
in Germany five, in Russia one, and in Aastria-Hungary (Bohemia) one, possibly two, making a total of twenty-six
or twenty-seven. These differ greatly as to production, most of the Eugligh, French, and Belgian works being very
extensive, while most of those of Germany and of Russia and Bohemia are comparatively small. Some blown plate
is made in Bohemia, Bavaria, and England, and patent plate in England. :

PRODUCTION OF PLATE-GLASS.—Of these conntries France is the largest producer of plate-glags, lingland the
next, Belgium the third, and Germany the fourth. " Mr. Charles Colné (b) estimated the production of Europe in
+1877 at 1,800,000 square yards, or 16,200,000 square feet, valued at $12,000,000.(¢j This production he distributes

as iollows : o
Square fuob.

TLATICE +evnvnnvemnneeennes BT em e seme e eae meeeme e aae - 5, 400, 000

BOTYEA LN T N et e e e e e e et e e e s 5,400, 000

13 TR 2,250, 000
Other COUNBIiBs - ..t o et o e e e riaiden e naaa s Sememmdae 3,150, 000

B T T LT P ey ey sy 16,200,000

This production has largely increased since the date named. Mr. Charles Palmer on behalf of the 1)1ate -glass
manufacturers of England, made the accompanying statement regarding the weekly produotion of polighed plate- -
glass in Exgland, France, and Belgium () to the commissipner to negotiate a new commercial treaty with France.

a Statisties of the Turopean glass houses are exceedingly difficult to obmlu, especially in England. The statistics given will
therefore be regarded only as au approximation unless otherwise stated.

b Sea Mr. Charles Colné's Report on Glass and Glassware at the Paris Exposition of 1878, page 320. Washington, 1881.

¢ Mr. Colué places the produetion of 1860 at 992,000 square yards, and of 1867 at 1,100,000 square yards.

@ See English Blue Book, Commercial, No. 38, 1881, pp. 121, 122.
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PLATE-GLASS. -
WORES IN BELGIUM. WORKS IN FRANCE.
. Weekly pro-. 4 Weckly pro-
Comipanies. duction in : Companies, ! Quetion in Total.
English feet. English feot.
Belgian Plate-Glass Syndicate: ) Feet, Feet, Feet,
DG T3 | PSP 25, 000 || Floreffe (Belgian company), at Jeumont, department du Noxd.. 32, 000
Sainte Marie @’Olgnies..ccvaeeiiioininianioaeaa 25,000 || Sainte Marie A’Oignies (Belgian company), at Reequignios, 32, 000
department du Nord.
ROUX s ceiiiintirrnrcra e cicmmvarccarranrnaraevennne 15, 000 64, 000
Courcelles .. 20,000 || Sniné-Gobain Company: '
Allvelﬂis ............................ 10, 000 Saint-Gobain, nt Ajsne 50,000
Co Chauny, ot Aisne !
95, 000
A Clrey, 0t Menithe .ooverrveiiiiiaiivrinnereminaresaans e 50, 000
' MOntEon, 45 ATHOL ¢envemeenrraraneacamcensimennnnencacnn 32,000
! Aniche, department du Noxd .......... Neseeaneraaanr i, * 16, 000
! . 178, 008
l P .
i‘ 242, 000
Quantity of polished plate-glass made N EngIanil .o s et et ian et teemans rasrmeeasans cutanstrmaes caasssnmeermamosasnsensanssantnsstvansannssnsven 176, 000,

Assuming that these works would average forty weeks’ running in a year, and adding to the production of
these countries thus found the best estimates obtfunfmble for Germany, Russia, and Austria-Hungary, the production

of Burope would be as follows: ¢

, Square fost.
France .cooveianin .. e mareea i anaan U g e e aeienr e 9, 680, 000
T RV P et emaiaevenan aeeeieas. 5,000,000
Belgium . .ceviinennona.. Mo e amaee amesematnnn amnesesmas neaana e e hos tmunesirmens v e anun 3, 800, 000
Germany .oo-o.ovevann SR emeN ame s msamemcannCmmean mmmna. e ewms e ammoecaemue anan amemancens e mean rae 2, 900, 000
2 LT RN mm e aumr e ammann erwamp teeere e e P 250, 000
F-NRE) 5 0 £ 5 R 120 A PP PR 400, 000

Total.owe e i i e mmmaR e A m e ree e e bmmme e e vaam—. e 22, 030, 000 -

This estimate agrees substantially with that of My, N, . De Pauw, who estimates the production of Europe
at 500,000 square feet a week. (a) .

PRICES OF PLATE-GLASS IN EUROPE.—Mr. Palmer, in his statemeunt-to the French treaty commissioner before
referved to, gives the following as the prices of plate-glass at the date of his communication :

LONDON. PARIS.

PRICE OF FRENCIl POLISIED PLATE. ' PRICE OF FRENCH PDLISiIIBD GLAES.

Trench toxiff, less 50 per cent., discount 3 por cont., and 10 per cent. preminm sunually, and supple.

) Saint-Gtobain, English taxiff, less 40, 5, and 2% per cent. mentary dincount,

Sizo, ptg-rii‘ggt. Size. ‘ ’ Supplementary discount, ﬁg‘é?]}’u‘g
8 d. i 8 d
About 10 feet superficial 1 6 |10 foot superficial .. vveevecuvveavronacnannntoeriiiiiiriir e emrsmdienenaans 111%
About 22 feet anperflcial... 1 6% || 22 feot superficial.,..... : Subject to 5 per cenb..crvoeeniiiioniciiann, 2 0
About: 33 foet superficinl. ... 1 6% || 93 feet superficial....... Subject to 10 per cont 2 &
Albout 45 feet superficial. . 1 7 |45 feet superficial..... .. .-..| Subject ta 15 por cenit cannnmeaerariiennnnnn 2 B}
About 65 feet superficial 1 7% |} 66 feet superficind...occeieervariiaionaneaan. Subject to 15 per cenb. . ceiiiancnieeiass 2 TR

WINDOW-GLASS IN EUROPE.~—It is impossible from the data at hand to even estimate the produetion of
window-glass in Burope or the number of factories at work, No statistics, not even an estimate, has been obtained
from England. 'In Belgium there are 61 window-glass factories, with 216 furnaces, of which but 138 were in operation
recently. These works produce from 3,600,000 to 4,000,000 bozes of glass of 50 feet each annually. In France
there are from 25 to 30 furnaces, producing from £00,000 to 900,000 boxes annually; and in Sweden, 4 factories,
with an annual production of 40,000 boxes; in Norway, 1 factory, no product given; in Italy, 12 factories. In
Austria-Hungary, 63 factories make window-glass; in Germany, 86, while from Switzerland, Spain, Portugal, and
Russm I have no statistics, though window-glass is made in all of tnoqe eountries.

« Report of the Tariff Commission, page 841, Washington, 1882, 1100
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FLINT- AND BOTTLE-GLASS.—The statistics of the manufacture of flint- and Dbottle-glass in Europe are even
more meager than those of plate- and window-glass., All the information that has been obtained is mcluded under
thie notes of the manufacture of each country which follow,

MANUFACTURE OF GLASS IN GREAT BRITAIN.—The glass manufacturers of Great Britain are, as a rule,
extremely chary about giving statistical information concerning their works, and it is a question whether any late
complete statement as to the number and production of their glass houses exists. A table published in the factory
returns of 1871 shows the number, locality, and employés of the glass works of the United Kingdom at that time
to be as follews:

Looalities. Number. | Children, | Malesup ¢ Males | ponqlos, | Total. ,
A Y
Durham ...... fimseecwmaeseneaaane 24 10 1,118 2,153 401 3,877 -
Laneaster..ocoviaceanrmcnniiamaraen| 0 87 [ 1,530 8,002 027 6, 065
MiIAAJEBOX vvurmmmnaanrsvannaosennnn 16 4 134 310 30 487 e
Northumberland 9 7 117 277 23 424
157 4aTc) 11 . L DN 70 243 8 819 -
Stafford «oicie counenciniiiieiceaans . 33 1 808 2,755 312 8,876
BUIIEY cvevrvemvnermreansannons [+ R PO 86 126 5 227
Warwielt covnniiani s 47 3 274 874 167 1,318
Worcester......... 8 2 56 131 7 196
400 20 12 877 1,901 138 2,088
Scotland .. cevsmennniiniinannan N 19 1 464 1,087 91 1,593
Treland ..o veeaons. 8 Jeeienavmnnns 63 102 9 264
Total cuneiennriniameaeenaiaas 240 46 5, 592 13,680 l 2,116 21,434

CHiEr LoCALITIES.—The chief locality for glass manufacture in Great Britain is in the north of England
especially on the Tyne, phte, window, and flint, both blown and pressed, being made in large quantities. Plateis
also made at Saint Helen’s, in Lancashire, at and near Birmingham, and at London; flint in London, the Birmingham
district, Warrington, ete.; wmdow glass very extenswely in the Birmingham dlstuct, and bottles and window-glass
near Lwerpool

DECLINE OF THE ENGLISII GLABS INDUSTRY ] f the statements that are constwnﬂy appearing in the English
journals devoted to this industry are true, glass-making in Great Britain is not in a very prosperous condition. A
correspondent of the Pottery Gazette says:

It is o very significant fact that nearly every trade in this conntry has made gigantic strides in advance during the past thirty-five
years, during which time the glass trade has been stationary, if it has not even retrograded in its productiveness. (a)

This condition of affairs is especially noticeable in the flint-glass business. The same journal gave recently o
listof 30 flint-glass furnaces, containing 296 pots, located in various parts of the United Kingdom, that had hecome
extinet. Commenting upon this that paper says: '

It is but just to say that some of these houses have removed to more convenient works, to the extent of about 6 or 8 furnaces

and 48 or 60 pots; but still there is a gréat reduction in the number of works, during which period it must be borne in mind the population
has nearly doubled.

The following table shows the value of the British imports and exports of glass for the years 1878, 1879, and 1580 :

IMPORTS OF GLASS.

1878, 1879, 1880, ~
Window and German sheet, including shades nnd cylnders....oeeveeeanens £452, 202 £450, 647 £476, 338
By O S SO 480, 518 174,113 170, 503
TPlate, silvered O MOb. . c.ueeeeeeeerrneirmmarmnasiciinerieniianaerasery saaans 233, G02 163, 064 214, 917
Manunfachures, unenumerated, and old broken. ... .ocvcmeceeierveornaceacaans 879,733 780, 006 906, 901
EXPORTS OF GLASS
1878, ! 1879. 1880. \
' |
20 U S SR USPIN £106, 762 £133, 635 £192, 607 !
3 - 289, 747 230, 537 248, 604 s
Common bottles..cooneovuiouaa.. s A PO 210,307 | 805, 606 322,686
Other manufactures, UNERUMETALEN. . oov et nr v irecearannmn e eanasanrmanses 09, 068 | 118, 255 147, 321 l
Glass of all kinds not of English manofactire. e e erenmeeeuerireeneens 149,275 | 190, 635 186, 980 ‘

It will be noted that the imports of 1878 and 1880 do not differ much except as to flint, which shows a decided
decrease, while the exports show in all classes of glass an increase. Part of the decline in flint-glass is no doubt

1110 o Sec the Pottery Gazette. L.ondon, September 1, 1881,
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due to the competition of the cheaper lime-glass, which, for ordinary purposes, is fufly as good, and is now mads of
a superior quality. At the same time ib is troe that for bemu’cy and bulhmncy no glass can compm‘e with English
lead-flint.

MANUFACTURE OF GLASS IN FRANCE.—For many years France, through the Saint-Gobain works, has virtually
controlled the manufacture of plate-glass on the continent of Turope, and, to a large extent, its ploducuon and
prices throughout the world. The Saint-Gobain Company not only own four of the seven Freunch plate-glass
works, produeing fully 70 per cent. of the total make of France, but they also own the only two important plate-
glass works of Germany. On the other hand, however, it is to be noted that two of the remaining three of the
French plate-glass works are owned by a Belgian company. It thus appears that the plate-glass production of
Burope is largely controlled by two compaulies, one French and the other Belgian., It is possible that the number of
plate-glass works at present in France should be given as eight, as a factory was erected ab Saint-Denis, near Paris,
a few years sinee, though I am not advised whether it is running at present. The Saint-Gobain works have made
the largest sheets of plate-glass that have ever been produced. At the exhibition of 1873 at Paris an unsilvered
polished plate, measuring 21 feet 2 inehes by 13 feet 6 inches, was exhibited. A special fable had to be prepared on
which to cast this enormous plate. The gnality of the French plate is most excellent, and is the standard for
comparison in all the tountries of the world. A considerable amount of the production of this glass is nsed in the
manufacture of mirrors, some 275,000 square yards being zonsumed annually in this way. The manufactore of
window-glass in France is relatively of the least importance, the production of plate, flint (lime and lead), and of
bottles being greater in value than that of window-glass. According to Mr. Colné, there were in France in 1878 (a)
frem 25 to 30 fuornaces, with 8 pots each, producing from 40,000,000 to 45,000,000 square feet. These are found
almost entirely in the north of France, uear the coal-fields. Large quantities of round, oval, and, square shades, for
protecting clocks, artificial flowers, ete,, are made in France, the process of manufacture being similar to that of
window-glass, the sheets being blown in cylinders of a very even thickness all through. The coloring, staining,
painting, and decorating of window-glass is earried on to & remarkable extent in that country, there being in the
neighborhood of five hundred establishments in France for thus manipulating sheet-glass, and the French colored
sheet-glass is especially notable both for its colors and for their manipulation. The so-called flashed or doubled
glass is very common, both in sheet and flint, flint glassware being in some instances coafed with as many as four
different layers of different colored glass put on very thin and evenly., Most of the stained or colored glass used
comes from the departments of the Nord and Pas-de-Calais. The work at many of the establishments has attained
a high degree of perfection, and the French stained glass, by reason of its artistic excellence and cheapness, is in
demand in all parts of the world. As has already been stated, the French glass hiouses are especially noted for
the taste displayed in their flint ware, both lime and lead ; but the quality is not as good as the English, though
& marked improvement has recently been made in this 1e:=pecb and the gracefulness of the forms and the beaunty
of the designs have given French crystal glass o reputation that is unrivaled. The decoration of windosw-glass
with enamel colors in imitation of the antique is also quite an industry in France, Most of the work in the Trenech -
fling houses is hand-work, the result depending largely upon the manual dexterity of the workman. Pressing on (
the American system is not employed to any great extent, while that which is made is decidedly inferior to the
American. .

Owing to her wine productiofi, France is naturally a large manufacturer of bottles, producing anuually from
125,000,000 to 150,000,000; indeed, the value of bottles made in this country exceeds that of any other form of glass.
Some of the bottle works have been established for a long time, one, that of J. Tumbeuf Neveu et Neveu, in the
- Jura, being founded in 1506, It was at this place in 1630 that the first gentlemen glass-blowers (gentilkommes
verriers) were made by decree of the king.

The following table published in the Report on @Glass and Glassware of the Paris Buposition shows appr oximately
the value of the annual 1)10(1110171011 and exportation of glass of French manufacture in 1878:

Description. Production. Export. 5
Crgstal covererevnneacnanss reeeaes 42, 200, 000 $800, 00D |
GHABSTFALS +- e enmaenmmcnemcnamammnns 9, 800, 000 1, 600, 000
Plate-Slass ueee coricerasannnonnnan, g, 060, 600 1, 600, 0DB
Window-glass cooveaenranermannn o, 3, 000, 000 600, 000
BOLIOS e emeemameemasinacme e omnans 8, 000, 000 9, 480, 000
&

MANUFACTURE OF GLASS IN BRLGIUM.—Belginm possesses excellent facilities for the manufacture of glass,
and in some lines, especially window-glass, these facilities have enabled lier to prodnce so cheaply as to
command a portion of the trade of the most important countries of the world. TFully two-thirds of the glass
made in Belgium is exported. As is noted elsewhere, Belgium has five plate-glass factories, producing about
94,000 square feet polished plate a year. While some of the plate in Belginm equals the French, this is not
brue of all mannfactured. The production, howerver, is increasing, and the quality is improving every year. This

a Reporl of Paris Exposition on (ass and Glussivare, Charles Colng, page $15, Washington, 1351 it
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production is controlled by a syndicate, as is also the production of plate-glass in France. There are in Belgium
‘61 window-glass factories, with 216 furnaces, containing from 6 to 8 pots each, of which at a recent date 78 wers
idle, leaving but 138 in operation. These works are mostly situated in Charlerol. Most of the furnaces used are
gas furnaces. These works produce from 180,000,000 to 200,000,000 square feet annually, or, say, from 3,600,000 to
4,000,000 boxes of fifty feet each. The Lelglan 'WHldOW glass is, as arule, of a very good th‘ry, free from bubbles
or lmpurmes, of a good color, and even surface. = A large quantity of the colored glass is of a superior quality and
very clear color. Their flashed glass is very good, and is admirably adapted for etching or engraving. They also make
quantities of corrugated, depolished, and painted sheets. Some corrugated cylinders 74 feet high have been made
at Charleroy. Depolishing is done by the Tilghman sand-blast. Considerable glassware, both lead and flint, is made
in Belgium, but it is not, as a rule, of a high standard of excellence, though the product of some of the works, especially
that of Val Saint Lambert, is fully equal to the English and the French. The cheapness of this ware has made a great
demand for it, especially when made into objeets of utility. The exportation of this grade of glass amounts to one and
a half million to two million dollars annually. The bottle industry of Belginm does not hold the same relative rank
as this industry does in either Germany or France, and the production from 1875 to 1880 was only about 12,000,000
annually, not as many as the single works of Siemens at Dresden make. This industry has been much neglected
in recent years., In 1872 12 furnaces were at work on boftles; in 1877 but 5. In 1872 Belgium exported 7,563,000
pounds of bottles, and imported only 1,377,000 pounds ; in 1877, however, the exports amounted to only 1,775,000
pounds, and the importations had 111clease<1 t0 3,476,000 pounds.

- MANUTFACTURE OF GLASS IN GERMANY. -—In 1882 there were in Germany 317 establishments for the manufacture
of glass, (a) areduction from 329 in 1878, (b) and 348 in 1873. (¢). Many of these, however, were of little importance,
being either small works for the production of wateh crystals, blown pearls, ete., or so- called “refineries”? similar
to those common in Boliemia, in which crude glass is produced, to be finished in othu' works. (d) These glass works
are found in nearly all parts of the empire, being most numerons in Prussia, especially in Silesin. The produetion
of the different kinds of glass, however, is not so widely distributed, certain districts being the centers of production
of certain kinds. In Thuringia and the Bavarian forests large quantities of both blown and cast glass are made for
the mirror works at Fiirth. (¢) Window-glass is made chiefly in the Rhine provinces, Silesia, and Westphaliw
common table ware in the Rhine provinces and Lusatia; fine table ware in the forests of Bavaria and Lorraine;
and chemical ware in the forests of Bavaria and Brandenburg. The glass works of Saxony make large quantities
of lamp articles ; and Saarbriick, Prussia, and Saxony produce bottles very extenswely, one esmbhshment, that
of Fred. Siemens, at Dresden, producing 16,000,000 annually.

The statistics of the ghss houses of Germany other than those given above are not only exceedingly meager,
but very difficult of classification. The best information obtainable places the number of establishments at whicly
plate-glass is made at five. Two of these, Stolberg and Mannheim, owned by the French company of Saint-Gobain,
had for a lon«r time the monopoly of the manufacture of plate-glass in Germany, but within a few years past at
least three other works have been established. In Thuringia and the Bavarian forests, also, according to tho
German Catalogue of the Centennial Hxhibition, glass is made by casting, the plates being ground by water-power
with very primifive machinery. These plates are chiefly used at Fiirth for the manufacture of looking-glass. There
are in the neighborhood of 86 establishments, with 125 furnaces, averaging 7 potg each, at which window-glass and
Llown spiegel-glass are made, and about the same number nnke bottles, carboys, and demijohns. At the othow
works, and also at some of those making wmdow-glass and bottles, various kinds of table Wcmre, articles of luxury,
chemical apparatus, ete,, are made. . <

FURNACES AND FUEL.—A -great deal of attention has beem paid in Germany to the construction and method
of firing furnaces, and some very important advances have been made. Direct firing has been abandoned in many
works and systems of indirect firing adopted. The Siemens furnace, not only with pots, but of the tank variety, has
been very successful. Other systems, as the Nehse and the Boetius, are in use. While coal is the chief fuel. of tho
glass houses, the use of wood, peat, and turf is by no means uncommon. When wood is used, the works are located
with reference to its supply, and as the wood is exhausted and transportation into certain (hstmcts is made easier and
cheaper these works are abandoned. The development of the glass industry of Germany is now in the neighborhoodl
of the deposits of mineral coal, the old glass-making districts gradually losing their prominence.

MANUFACTURE OF GLASS IN AUSTRIA-HUNGARY.—The beauty, elegance, and perfection of the Austrian
glassware, as well as the skill displayed in its manufacture, have given it a reputation that is second to nome
other. The Bohemian glassware is & lime glass, containing little or no lead but a large percentage of silica, and isg
- consequently well adapted to decoration, The purity, whiteness, and homogeneity of the metal male it equal to the
best white glass produced in Earope. Not only in form and metal does the Bohemian ware rank with the highest, but

a Bee Deutschlands Glasindustrvie, Julius Fahdt. Dresden, 1882,

b Bee same for 1878,

¢ Bulletin of the Society for the Bncouragement of National Industry, page 71, Paris, 1877.

d In 1873 it was stated that but 250 of the German glass houses were of much importance, It is trne, however, that though, ns
stated, the number of works has declined, the ontput of many of them has largely increased.

¢ Very large quantities of little mirrors, called Judenmasspiegel, are made in Germany. -
1112 :
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in its manipunlation it has deservedly a great reputa:mon, the variety and chverswy, as well as the beauty, of its
engraved and decorvated articles, being beyond question.  The con(hmons of manufacture of this Bohemian glass’
are also such that it can be very cheaply produced.

One of the specialties of Austrian glass-making is the manufacture of various fabucs for ladies’ wear from spun
glass. The glassis spun into threads, like ordinary silk or cotton, and woven into different-colored fabries, sometimes
entirely of glass and sometimes with a warp of silk or cotton. Collars, neckties, cords and tassels, iringes, pin-
cushions, feathers, belts, ete., are all made of this material. At the Paris exposition in 1878 a bonnet made entively
of spun glass, with feather and ribbons lined with silk, was shown, as well as cloaks and other articles of wear.
This spun glass is also used for watch-chains, brushes, ete. Glass flowers are also made to a considerable extent, but
it is difficult for these to compete with those made from china. As is stated elsewhere, large quantities of what is
known as “raw glass?” are made in Bohemia, This glass furnishes the raw material of other establishments, and
is in these establishments decorated, polished, and made into looking-glasses, beads, etc.

There is but one plate-glass works in Austria-Hungary, as the manufacture of plate-glass has not been a very

successful enterprise in that country. The first works was established in 1700, and, after leading a peripatetic

existence, was finally abandoned in 1840. The plate-glass works now in operation is at Stockar, in Bohemia. The
glass is chiefly uséd for the manutacture of mirrors. Considerable window-glass is also made in Austria, much of
it for the manufacture of looking-glasses, for which large sizes are blown, the workmen using levers, cranes, props,
and other mechanical means in its production. The finishing of this glass is carried on in the Pilsen district, where
there is a number of establishments for grinding and silvering., There are in Austria 63 glass factories making
eylinder glass, 46 making what is called cast ”I’LSS, mainly for mirrors, and 56 making both.

The chiel seat of the Austrian manufacture is in Bohemia, 169 of the 360 furnaces reported below bemfr in that
district. The glass hounses, however, are generally very prn:mtwe affairs, being in the midst of forests, the furnaces

ordinarily very small, containing seven or eight small pots, and burning wood. These furnaces, being so rude and

inexpensive, ave placed in the midst of the timber. As the fuel aronnd a factory is burned, it is found more
economical to move the furnace than to bring the fuel to it. This state of affairs has resulted in the division of
glass-making in Bohemia into two distinet branches, the manufacture or the production of the rough unfinished
articles and the manipulation—the so-called refining, or the cutting, engraving, and decorating of this raw glass.
In a fow establishments both operations are carried 011 buti the larger nmmber simply blow or mold the articles and
sell them to the glass refiner. The resulf of this dnusmn has been the training of a body of excellent engravers, and
the skill has been still further encouraged by a government museum ; and drawing- and art-schools in conuecblon
with the glass indastry have also been opened at various places. As is stated in the chapter on materials, sand
is but seldom used in Bohemia, quartz, which is quite abundant, being substituted for it.

According to the last statistical reports published in 1880 there are in Austria-Hungary 230 ﬁrms, operating
255 glass houses, in which there are 360 furnaces. In these furnaces are 2,803 open pots, 37 covered pots, and &
tanks. Of the 360 furnaces, 15, with 123 pots, are regarded as permanently idle; 7 furnaces, with 50 pots, as
temporarily idle; 1 furnace, with 8 pots, and 1 Siemens tank-furnace were in course oi construction, The location
of these furnaces and the number of workmen engaged are as follows:

]

Location of furnaces. h%}?aiss. Turnaces. | Workmen.
Bobomif. an.e.ne-- s . 193 169 18,012
MOTATIR v vvermenerannnciiiieanen 18 27 g, 072

- Bilesin a3 8 B4
Galicia 15 16 358
Buekowing coveseommmereoceisnnnenes ' 5 1l
Lower Austria oveevuieieciiainnans ] 14 405
TUpper Austrif,.ooovrieeiiiieemcnnues 8 4 170
STTTEAVIVE SO AN 1 2 a00
210740 - P 20 27 1,142
KRernton -vsesvenss sramevenceveevnn 2 2 60
S8 3 VPR Y 2 4 109
B ) P 4 5 160
Dalmatiss «oooveenen reennne 1 1 24
Hungary. .coceeeees 40 66 2, 850
Crontia . oeceiniervinnscnanboieenns 4 [} 190

| SIAVOTHA et ves aamans commmnmcneenen 3 155
Transylvamio .ovcerenrecuamanaraaans! g 200

Helpers are not included in this estimate. If we add to this number 21,500 workmen engaged in glass refineries
and other factories of a kindred character, we may put the number of Workmen enga;ged in the glass industry of
Austria-Hungary at 60,000,

Ot these 360 Works, 1 manufactures plate-glass, 1 cathedral glass, 63 Wmdaw-glass, including blown
looking-glass and colored glass, 71 table ware, 131 hollow glass, including erystal and five glasses, 2 20 llﬁlgnps, 50
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green glass and bottles, 15 colored raw glass (9 of these are window-glass, and are included in window-glass
manufacture), 16 raw glass sticlks and pipes for beads, and 2 pressed glass. As stated above, wood is the chief fue]
used.  Qf the 360 furnaces, 244 use wood as fuel, 86 peat, 18 coal, and 12 turf and wood. ’
One hundred and forty-six glass houses manufacture cut glass and other fine ware.
power, 67 water-power, and 16 steam-power,
$12,000,000, T {ind a statemont in the Bulletih
Franee to the effect that, in 1873,
year, : ‘
MANUFAOTURE OF GLASS IN IrALY.—The recent revival of the manufacture of Venetian glass, while it bas
not added largely to the amount or value of the production of Italy, has given to its glass a reputation that has
beon wanting since the fires of Murano went out. In 1866 the Venice and Murano Glass Company was established
by a fow English gentlemen for the purpose of restoring the manufacture of Venetian glags, and the result has
been a dogree of excellence in product not unworthy of comparison with that which in former days characterized
the productions of the glass works of Venice and Murano. Through the kindness of Signor (+. Castellani, to

whose skill the modern glass houses of Venice are so much indebted, I have received the following statement
rogarding the works at Murano : '

Of these, 47 use foot-
The total annual production of Austria reaches in value about
v of the Society for the Bncowragement of -the National Industryin
70,000 to 80,000 quintals of blown window-glass were made in Bohemia in that

Murano, asmall island twenty minutes distant from V. enice, contains 4,000 inhabitants, 2,000 of whom are employed in glass works.
In these worls are mado honds, sheet window-glass, blown-glass articles, (a) vases, table ware, ete., chandeliers, bottles, green druggists’
ware, and ennmols for mosaies, ‘There are ten or twelve furnacesin these different cstablishments. The most important of the Murano
worles, ina commereial point of view, is Le Fabbriche Unile, where boads are made, about a thonsand workmen being employed. The Venice
and Marano Company, which is the prineipal factory for blown and artistic glass, employs about seventy men, part of whom are
ondled maestri,  Its production is limited, the wamber of maestri being very small and not easily inereased. The production smounts to
aliont HO0,000 franes ($06,600) o yonr. The entire product of the island does not exceed 5,000,000 franes (§965,000) a year. All the materials
used on this island aro deawn from other conntries; the sand from Dalmatia, soda from England, coloring matter ehiefly from Germany.

As to the details of the manufacture of glass in other parts of Italy butrlittle information is obtained. The

following statement was obtained from the minister of foreign affairs of Italy through the late Mr, Marsh, American
ministor: .

No. of !\ Average num- :

Kinds of glaas. establish. |  Derof em. |

ments. } ployés. |

' i i
Plrte-glins oo s et e cinac e farar e e frmmaareaenoeann. ;
Window-glass vemue covvnecinennnn. 12 i 1,200 :
GIABIWALE rerae ceaeimieinrramaan ey C 40 1 3,000
Groem gla88 aeue e cnccereacnreae 14 i 800

TOBALL v enmaemns mmenerammenanenn 7% i 5, 000

MANUFACTURE OF GLASS IN Russia—The development of the glass industry in Russia in the last fifteen
yoirs has boen very marked, Al kinds of glass are made in this empire: plate, windo'w, gl:‘tssyare, and bottle's.
As aorule, however, the works ave quite primitive. Yu the Wilna, Minsk, and neighboring dlstrn‘jts 91115‘ wood is
used,  The fornaces ave very primitive, and average but from four to six pots. In the centml‘ d.lstmct, @ox?ever,
where there srve fifty-eight works, the establishments are somewhat larger. The plate-glass estaolxs_l'linrent is in the
wortheast distriet,  The entive production of Russia ean be placed at about 10,000,000 rubles, or $7,779,000. The
number of glass factories in Russia in 1879 was 202, the nuniber of persons employed 14,480, _ i

MANUFAGIURE OF GLASS IN SWEDEN.—Sweden manufactures glass semewhat more extenswel_y than Lorw.ay,
supplying not only the larger part of its own demand, but having some _sm"plus to e.xport to Russia. Its1q:1‘a1&ty~,
however, is nob remarkable, and but little attention is paid to the production of anythn.lg buf, the coxllllflf)n?11 ;:,‘151 P:Z:
thongh some painted glass is made. There are in Sweden 33 gl‘ass works, produ.cmg wm;lo??'-‘g i\:b%, {,‘Iaf,bxzall i
and bottles, no plate-glass being made.  Of these, 4 manufacture window-glass, ma‘km% 19,604.‘ c,ds_(\lei zea;{ Y, é )ve;:
slassware, and 14 are green-glass factories. In these 33 works are 38 f.uruaces, with 280 po’t;han o ;?GS o gl éqe
furnaces use gas, 3 coal, 2 peat, and 2 wood, and 31 are direct-firing, using wood as a fuel. e stati hes
{nctories for 1879 are as follows : (¢) :

h I | NUMDER OF EMPLOYEE. Vale of brod
» Wo.of | 175 08 . alue of prod.
Kinds of glass. n;t]:élx)ll%:h- . furnaces. No. of pots. Tom Women | Mn\eﬂs vy

o over1s. | overlf. | underld.

Windo ‘ e T R ceaen ‘{ $08, 955
TWiNAOW-Bla88. - ovsves ovinariaaans f ...................... i o 0ot
GAMBWRIO. «vsmmscnns v mmsnaomrnaanes 15 . S I R l ........... o
Green BlRES. coevuneriviraasinaas PR B S TR |

- ! § 280 pots 654, 895
= 1,200 50 800 ! 54, 825
L T 13 33 ’ ¢ 38 { T tanl. } , i | .

a Xnown as Soffiatl, cout onch
b Thesoe cases are probably of 100 fect each. : . ] N '
o Tor these fignres T am indebfed to the conrtesy of M. Trodr. Brashewitz, of Limmared, Sweden.

o
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MANUFAGTURE OF GLASS IN Nonwm —But little glass is made in Norway. There is hut one window-glass
factoly which uses wood as a fuel in a direct-firing furnace; two flint works making table ware, one nusing a Boetius
and the other a wood-gas furnace, and three bottle houbes using Siemens furnaces, two with pots and one tauk.
The latest statistics at hand, which are only approximately correct, arve as follows:

. ' No.of | g o } No.of | Value of prod-
Kinds of glass, esﬁgﬁ;:h- furnaces. { employés. 2ot.”
| ]
Window-glags.comuuianeiiiniioniaian, 1 1 a5 $27, 600
GIaSSWATB. oy crmree e rmmmieicnennns -2 2 800 86, 506
Green glass. . coveeeeinennniiimnennn, , 3 ] 270 ‘ 86, 500
TLOEA) . o ees e mtanmann caneannnas 8 6 605 L 200, 006

Of the employés 25 are women and 112 are children.

MANUFACTURE OF GLASS IN SPAIN.—Though Spain was one of the first nations of western Burope to maka
glass, the present condition of this induastry by no means justifies the promise of its beginning. There existed in
Catalonia, Spain, in the last century many works famous for their beautiful glass, but these are nearly all closed.
In the whole of this kingdom at the present time there are only some 23 or 24 gluss houses, making bottles, lamp
articles, and window-glass, mostly for local use, though some little is exported. At these factories, also, some
rade and strange shaped vessels and drinking-cups are made, and these, compared with the specimens remaining,
show that the old forms and the old systems of ornamentation are still in use,

Grass 18 HoLLAND,—There are in Holland 19 glass works, all but one of which are engaged in the manufacture
of the peculiar square glass bottles used for bottling the Dutch spirits. Many of these Dottle factories are in
connection with the distilleries, and consequently have a steady business, but little affected by foreign competition,
The total production is about 19,000,000 a year, all colored. In addition to these Lottle factories tlere is a
glassware works at Maastrecht.

The provinee of Zealand furnishes a substance largely used in the manufacture of plate glass, ¢“bergasche”,
supposed to be the remains of a salt-boiling works which once existed in that province. This substance takes the
place of soda, but requires especial preparation.

GLass IN PorTUGsL,—In Portugal there is one establishment for the manufacture of crystal and fine glass,
and some glass of other kinds is made, but not enongh for the needs of the conntry.

Coaprer XIL—HISTORY OF GLASS-MAKING IN THE UNITED STATES.

GLASS-MAKIXNG IN VIRGINTA AND WEST VIRGINIA.

One of the first attempts at mannfacturing within the limits of the thirteen original colonies was the produaetion
of glass. The hopes of sudden wealth from the discovery of gold and silver, or from finding the fabled passage
throngh this continent to the South Sea, were doubtless the chief causes of the formation of the London Company
and its early attempts to colonize Virginia, At the same time this was a commercial venture, with the hopes of
profi, and with a shrewdness characteristic of the English merchants, not only of that but of subsequent centuries,
they did not forget entirely the possibilities near at hand in their seareh for what they believed wounld be greater
ones in the near future. The vessel which carried Captain Newport to this colony onghis second voyage, in 1608,
also brought out eight Poles and Germans to make “piteh, tar, glass, mills, and soap-ashes”. Stith wisely remarks
- that “had the country been peopled they would have done well, but they only proved a burden and a hinderance
to the rest”. (¢) After the return from the fruitless espedition to the country of the “Manakins?”, the president
of the colony, Captain Smith, dispersed as many as ¢ were able, some to make glass, and others for piteh, tar, and
soap-ashes”, Between the arrival of Captain Newport and the return of his vessel, in 1608 or 1609, some glass was
made, and part of the return cargo, the first that conveyed any esports of manufactures from what is now the
United States, was the trials of glass thus made.

Stith states that the glass house in which the (rlass was manufactured, and which was probably the first
mauufactory erected in the English colonies in America, being erected late in 1608 or early in 1609, stood in the
woods about a mile from Jamestown. This enterprise was one of some daring, Glass-making at this time was by

o Stith's History of Virginia, page 77. Willlnmsburg, 1747, s
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no means well established in Burope. Flint-glass was not yet invented, and plate was not cast, while the art. of
blowing window-glass and bottles-and making glassware was imperfectly practiced in England. Wood, however,
was becoming searce, and the allkalies needed for the manufacture of glass high priced, and those of a good quutlity
were brought from a distance. Allof these materials were not only abundant in the new colony, but the wood wus
a burden and potash could be made readily from the wood-ashes. The great bulk of glass bottles mado their
importation expensive, and it is possible that the first glass house in Virginia made bottles ouly What \Vll!(ln\‘w
glass was used was imported.

The craze for the raising of tobacco, which had such a disastrous effect upon the colony, interfered with gliws.
making, and in 1617 Captain Argall, on his arrival as governor, found the glass house fallen to decay.(a) In 1
an attempt was made to restore manufactures to the colony, and a large number of artisans was sent to Virginiu,
Tn 1621 a roll or subscription was opened to raise funds for the erection of a glass house to make beads for thw
Indian trade, and Captain Norton and some Italians were sent over for that purpose. The subscribers to thise
rolls were to participabe in the profits. These beads were currency among the Indians.

The London Compauny, in its letter of July, 1621, sent in the ship George, commended this Captain Willinm
Norton to the governor. He was directed to be lodged in the Guest House with his ¢ gange” until he had fonud «
convenient place for his furnace, and in the choice of place care was to be taken that he and his “gange” ho as
secure as possible from surprise, ‘“so that the commeoditie of glass and beads should mnot be vilified by teu
common a sale to the Indians”. () At the time of the massacre, in 1622, the glass house at Jumestown wus
destroyed, but it does not appear that these Italian glass-workers were massacred, as they must have heen Ll
their glass works been at this place. They are referred to in June, 1622, and again in February 20, 1623, byt
governor and council in a letter to Londou, in which they state that a gentleman who was refurning to Lumlnn
wonld inform the company what had been done. This would seem to indicate that the manufacture of Demls wis
not carried on at Jamestown, but that the house that was destroyed was the first one.

TWhat was the history of glass for some years after this date is not, so far as I have been able to discover, =
matter of record. No doubt the colonists found that the cheapness of fuel and of alkali was morethan ollses by
the scarcity and high price of labor and its tendency to seek other employment, and it is probable that gliss
making was abandoned. ,

The next account of & glass works in Virginia that I have found is of one that was in existence in 1787 nt
Alexandria., M. De Warville, who visited this state in the fall of 1788, states that this works exported the provimws
year glass to the amount of 10,000 pounds and employed 500 hands. This is the last notice of a works in cnsivrn
Virginia until early in the nineteenth century. Mr. Jarves states that a Dr. Adams, of Richmond, Virginia, ¢ nuuly
large offers of increased wages to the workmen of the Kssex-street works, who were induced to abandon {hvis
places of work and violate their indentures. They succeeded in reaching Richmond to try their fortune undey ths:
auspices of the doctor, A few years’ experience convineed them of the fallacy of increased pay, for, after vevs
heavy losses, the worls were abandoned and the workmen thrown out of employ?”.

This is the last record I have been able to find of a glass works in eastern Virginia, or whatis now Virgink:

In the census of 1810 Virginia does not appear as a glass-making state. In 1815, however, & glass workx fis
making white flint, hollow, and other glassware was established at Wellsburg, in the western part of the stite,
at which glassware of an excellent quality was produced. In the census of 1820 a glass works is reportil i
Brooke county, which was no doubt the Wellsburg works. It madethat year $20,000 worth of glass, had #1:,tiss
capital, and paid out $8,000 for wages and $12,000 for material and contingent expenses, or exactly the valne v
product. It employed 14 men and 12 youths. In 1827 it is reported that glass decanters of great boeauty wesi
solidity were made at these worls, “while white flint and green glass wares made within a few years mvulmi the
foreign,”

Ab the tariff convention of 1831 there were two flint- glass fornaces, with 12 pots, reported in operation wi
. Wellsburg, Pennsylvania, evidently a misprint for Virginia, and one with 6 pots at Wheeling, Virginin, Twu
window-glass works are alsoreported at Wheeling. In 1840 one glass works is reported in Brooke county {ilw
Wellsburg), and three in Ohjio county (the Wheeling).

Regarding the history ot the Wheeling factories, Mr. W, Leighton, ji-., in an article contributed by hiny Lo the
Wheeling Sunday Leader of March 28, 1880, in some reminiscences, states that—

The first glass factory built in Wheeling was for the manufacture of window-glass, and the business was commenced someo fiuie e
the year 1821. = 1 findin the History of the Pan-Handlethat “in 1829 a flint-glass house was erected in Wheeling by John and Craig Ritvhis,
located on the sido of the hill opposite the second ward market-house. This establishment was operated for several years with pre
activity and suecess, and had a- widespread reputation for the manufacture of fine-cut glassware. This success and tho nurivale?
advantages for proeuring cheap fuel at Wheeling oncouraged other firms to embark in the busihess, and in 1835 the Messra. Swoetnsy jss)
alarge flint-glass works into operation in the northern part of the' town, which was followed in the course of the next fow yoars by the

erpotion of another large establishment at the extreme south end, “Duilt by Plunket & Miller, now owned and operated by tho {ixx st X
H. Hobbs, Brockunier & Co.”. .

!

@ Captain Smith, under date of 1615, states that for along tire the labor of the colony had been misdirected in the manufputure ui
various articles, among them glass,

b Neal’s Virginia Company of London, page 231,
' 111
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The veteran glass manufacturers of this country, Mr. J. L. Hobbs, and his son Mr, J. H. Hobbs, of the South Wheeling glass works,
have heen, I believe, for a longer time uninterruptedly running their furnaces than any othex glass manufacturers in the United States.
Thése gentlemen came to Wheeling in 1845 and purchased the glass works built by Messrs. Plunket & Miller, since which time there
has been' no break or interruption to their business. i .

Whether or not the introduction of glass-making at Wheeling encountered the same difficulties as are deseribed to have met Mr.
Bakewell at Pittsburgh I do not find set down in the records, but the probabilities are that o similar experience was had, The
factories, however, ultimately surmounted all diffculties, and went on to good success. In1863 the Central Glass Company was established
by a number of workmen from the SBouth Wheeling glass works and successfully operated. Ab later dates several other factorics haved
been built in this valley, among whicl are the Belmont Cempany and Goblet Company at Bellaire, the Lo Belle Company at Bridgeport,
and the Excelsior Company at Martin’s Ferry, Beside these, window-glass factories and lamp-chimney houses have been located hero,
and the amount of glass business in this vicinity is assuming year by year greater proportions.

The obvious reason for the establishment of glass factories in Wheeling has already been mentioned—its cheap fuel. This has
always been an important consideration; but the success of glass-making here has not been due to this cause alone; it owes much of ita
prosperity to the enterprise of those engaged in it. While the first great step of progress in glass-making in modern times, the invention
of pressing, is claimed, As before mentioned, to be American, so is the second not only American, but had its origin here in Wheeling.
This second step was theimprovementin the composition of lime glass, which enabled manufacturers to subatitute that materialin place
of the old flint-glass.

Tor the manufacture of bottles, window-glass, jars, and shades in England and on the continent of Europe lime glass has always
been used, and can boast an antiquity perhaps as great asthat of flint-glass, Thefirst factoriesin thia country made window-glass, using,
of course, the lime composition ; the manufacture of bottles followed, but flint-glass making was commenced, and, as in Europs, only
inferior grades of ware were made of lime glass, In Pittsburgh, at an early period, common tumblers and cheap table ware were made
of lime glass, and some improvement hiad heen made in 1864; but still the lime goods were so much inferior fo flint-glass as not to comein
eompetition with it, their lack of purity and luster being very conspicuous fanlés.

In the winter of 1864 Mr, William Leighton, sr., of the firm of J, I Habbs, Brockunier & Co., made a course of experiments in
the composition of lime glass, the result of which was so successful that the manufacurs of lime glass was commenced by his firm, and
ware was produced equaling in beauvy the finest flint-glass. The most important feature in the composition of this new lime bateh +was
the use of biearhonate of sods in place of goda-ash, until that time universally unsed in lime glass; and this nse of bicarbonate, and better
proportion of all the materials, constituted the improvement, and led to the most important results. As the improved lime glass was
mneh cheaper than flint-glass, being less than half its coat, other factories commenced using the same material and learned the new
composition. The ware thus manufactured could only be distinguished from fiint-glass by its less specific gravity, and by the peculiar
tone of its sound when struck, the flint-glass having a full metallic tone or ring, while the lime glass ewits o dull, dead sound, destitute
of vibratory tone. Prom the time of this improvement in lime glass the flint-glass factories began to languish. The larger number of
them, perceiving that the era of flint-glass was past, gave up the old composition and commenced the manufacture of bicarhanate glass,
as it was then called. But a fow factories still clung to the old lend-glass composition, fondly hoping, and perhaps believing, that lime
glass would run a brief course, and that there would be 2 return to the time-honored Rint-glass. It scon became evident, however, that
lime glass had gained the ascendant by merits that would stand the test of time, an@ those who still petsevered in the manufacturs or
laad glass found their ware could no longer be profitably made, and gained the experience that, in an age of progress, whoever clings fo
the methads of the past will soon be neglected and forgotten,

Beside advantage of clieaper material, lime glass has the property of chilling and becoming rigid more quickly than flint-glass, thus
enalling, and even compelling, the workmen to finish the ware more rapidly, and hence making a greater production; dnd as the specitic
gravity of lime glass is less than that of flint-glass, articles made of the former liave the advantags of this lightness of weight. Tho result of.
al) these advantages, together with improvements in furnaces, tools, and methods of manufacture, has been to reduce the cost of glassware
to about ono-fourth part of what it was when the invention and introduction of hicarbonate glass tool place in 1864, With this reduced
cost, and consequent reduced price, the nse of glassware has been extended correspondingly, New factories have been built; old factories
have increased their capacity ; and a sufficient supply of glassware has been produced to moet the demand which thexeduced prices created.

No kind of ware, even if composed of the most common materials, can now compete in eheapness vith lime glass for drinking-vessels -
and table ware; while for beauty of material, finish, shape, and ornamentation glassware is more than equal fo, and for cleanliness far
beyond, any other, - :

Speaking of gag turnaces, Mr. Leighton says:

Althongh Wheeling tool no part in experimental gas furnaces, yet as soon as it becams evidentithat a safe form of construction had
been reached, that form was at once adopted here. The largest gas furnace for melting glass in this country, and probably in the
world, was built and putinto operation last year by Messrs. J. Fl. Hobbs, Brockunier & Co., at their South Wheeling glass works, and after
six months’ trial they were so well gatisfied with its results that they put up another of the same form of construction, which has juss
been completed. )

GLASS-MAKING IN PENNSYLVANIA.

The first mention of a glass works in Pennsylvania is found in 2 letter written in August, 1633, by Penn fo the
Free Society of Traders. In this letter he alludes to their tannery, saw-mill, and glass-house, ¢“the last two
conveniently posted for water carriage.” Where this glass house was located, or for what kind of glass it was
intended, is not known; indeed, it is doubtful whether the works were ever used for the purpose for which they
were erected. If they were, they proved unsuccessfal, as did most of the early glass works in the colenies, and
were soon abandoned. (a) ' .

& Budd, who wrote in 1685, dloes not wenfion them. Dr. More’s letter, printed in 1687, mentions a number of industries, but, nfnt
glass-making, and the same is true of thé pamphlet printed some time in 1691, ontitled Letters and an Abstract of Letiers from Penngylvania.

In this pamphlet all the trades which flonrished in Pennsylvania are mentioned, but glass is net one of them. Holme, who W.rote i
1689, and who refera to s number of trades that were carried on in Pennsylvania, speaks of the searcity of window-glass. - Ho writes :

The window-glass is often here
Exceoding searce and very dear,
So that some in this way do take
Isinglass windoss for to make,
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slu‘n‘éiitui?’tl:r Lhtﬁggt’g?:gn;t.tn;‘ ?lslhgpis Hz.etio‘wy of 47}@@7‘@({@;» mejccctu’reg to the effect that a glass works was built
e 1 : rankfort, neav Phlla‘delph]a,, by the English Friends who settled there, but this is
D i i L s bafove the Tevoltion tho resord of lassmaein m Bennsyleants
PR .tl 1 i ”‘f : elec",'cnd of glabs-ma.kmg in Pennsylvanm is a blank. Governor

a , otter to the Lords of Trade and Plantations, dated Philadelphia, January 21, 1767, wrote:

. L T nlt;hm' g a ;?"lust.! UL Fawtory , which was ex:ected about four years ago in Lancaster county, seventy miles from this eity, by a
%:Ll]\l 111:{?\]“(‘;:::1111 ! I]ti&: :ﬁllé'illc;mﬁrxit}lgl;,ltlig’1130 h vc;ry 111(;01181f1era.1)1¢a extent, the{.‘a being no other vent for their ware, which is of a very

Ti.li;‘ ‘ “12, e 11} }S: ' St gt }(' 0‘11115:11( 8 f)f B m- villages and farmers in the adjacent inland conntry. (b)

in 1"7l6‘1>‘-. ) a5 probe ’:‘r ‘ AALON i elgel’s ebta.bhshmfant, r_eferre_d to below, who established himself at Manheim

1762; )}1(3 however this may have been, there is evidence that Steigel soon after this built a glass house.
InJ une of tho same yoear that Penw’s letter was written (1767) Townsend’s scheme for raising revenue from the
cc{lomus. passed t':he British parliament and was met in this country by a storm of denunciation and agreements
of 1101}-1!1‘11)()1‘@211.‘(}101\. At public meetings it was determined to stimulate Dy all prudent ways and means the
manufactures of the colonies, and glass and paper were particularly mentioned as articles deserving of domestic
enconrngement. Townsend’s revenuo act: was repealed in 1770. At that time a flint-glass manufactory on 2 much
lm'gm.: seate than any before attempted in the country had been built at the village of Manheim, near Lancaster,
by o German bavon, Henry William Steigel, and Mr. David Rittenhouse, in a letter to Mr. Barton, dated the 4th
of February, 1770, speaks of his intention when he next visited Lancaster to have some pulse-glasses, then just
im;r(._)duccd by Dr. Franklin from Germany, and other things he wanted, made there. In another letter, written in
the following summer, acknowledging the receipt of a harometer tube made at this factory, he says:

I am obliged bo you for the glass tuboe; ibwill make n pretity Daromester, though the hore is somewhat too small, I have compared it
with an English tube, and do not think tho proference can with any reason be given to the latter. (¢)

This enterprise did not prove remunerative, as the war interfered with remittances from Europe and
embarragsmont ensued, and the glass works were abandoned. (d) "

About tho time that Steigel built his factory at Lamcaster the first glass works in Philadelphia of which we
have any details was established at Kensington. The repeal of Townsend’s act did not remove the determination
of the people of the colonies to establish domestic manufactures in their limits, and though workmen skilled in
the manufacture of glass were by no means common, some gentleuien engaged in trades quite foreign to glass-
making were found who were willing to risk their capital in this undertaking. In October, 1771, Robert Towars,
glinner or leather-dresser, and Joseph Leacock, watchmalker, purchased a piece of land on the east side of Bank
street (now Richmond street) and built upon it & glass house, furnace, and other improvements. (¢)

This worls must have begun the manufacture of glass late in 1771 or early in 17 72, and it certainly made green
hottles, and perhaps flint ware. In Franklin & Hall’s Pennsylvania Gazette of January, 1772, appears the following
advertisement: :

The glass fasture, Novthern Tiberties, next door to the sign of the Marquis of Granby, in Market street, where the highest price is
givon for broken flint-glass and nikaline selts.

This would indicate the manufacture of flint-glass. The place designated was the store of Robert Towars,
which was in Murkeb street, between Second and Thivd streets. In November, 1772, Towars and Leacock sold the
premises to John Blliott andd Samuel Blliott, druggists, who took into partnership and interest Isaac Gray. These
parthers built an additional furnace and continuned the manufacture of bottles, carrying on the business for eight
yoars, and ag the Tolliotts were apothecaries and Gray was & wine merchant, it may be supposed that in this venture
tho manutacture of bottles for nse in their business was an object. The property was sold in May, 1780, to Thomas
Leiper, a tobaceonist, who must have needed many bottles for the reception of snuff. The latter was owner for
twenty yoars, and sold the glass house on March G, 1800, to Joseph Roberts, jr., James Butland, and James
Rowland for $2,333, subject to £15 ground-rent, who carried on the works under the firm name of James Butland
& Co., and in 1801 had their storve at No. 80 North Fourth street. Roberts soon sold out his one-third interest to
Butland and Rowland for $2,548, who dissolved partnership in 1804, Butland disposing of his interest to Rowland
for §2,548, and the latter advertised in 1808 that his store for the aale of bottles made at the Kensington glass
works was at No, 93 North Second street. Ile was also in business as an jron merchant. James Rowland died
hefore the year 1833, and on July 10 of that year James Rowland, jr. who had purchased the interest of his
brother, Joseph W. Rowland, sold the works to Dr, Thomas W. Dyott. o

Though the records are very meager, there are cvidences that several other glass works were built in eastern
Pennsylvania between the breaking out of the revolutionary war and the close of the century, and no doubt the

aMl 1" 1. Stone, $lie libravian of the Historical Society of Pennsylvania, writes me £hat Pastorious was the agent f’f the Frankfort
Tand Compauny, and Bishop probably confounds this name with the little town of Frankford, now a part of Philadelphia.
b Dennayleania Colonial Records, ix, 364.

o Bartow’s Memoirs of Rittenhouse, page 206. ] )
@ In Franklin & Flall's I’mmsyh’:aniw Gazetto for January, 1772, in addition to the advertisement for proken flint-glass, clsewhere

voforeod. to, is one from the Southwark china factory for fint stones and broken glass, This may have been for ‘cullett’? for the
T.ancastor works, or for somo other fnctory of whieh we have found no record. ) ' ] ] )
] ¢ Tor most ’0‘1:' the enrlier details of this worls 1 am indebted to Thempson Westcott’s history of Philadelphia, published in the

Philadsiphio Sunday Dispatch,
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It was stated that this glas ; '
S gtated e 8 glass was composed of “materials altog : i ; .
burrels of rosin from North Carolina being annually consgngezge;uzieif 10d1;ctlon oi};Amencan ol whont 15,000
£ 500 mon and boys wers constantly o ¢ preference to wood or eoal”. TFrom 250
; ) ¥ antly employed. In 1833 this works had five furn: |
rosin, baing used for fuel. It may "y ve furnaces, wood and coal, as well as
o 1 ' . ay be well to follow out the history of these works i i ,
Egmrlmzml for .sx](weral years affer this until the disastrous failure and ciuvicti:;eof“ gllk ?);Zt?fs :{gggi:or ;D'he{] Eem
ingolvencey, when the works passed iuto other hands, and after bei idle fi ' pos T ancient
Ienry Seybert, who beeame interested in the glass bu;iness E{ﬁﬁc)ﬁﬁg flo(}}g]fo; some ye? 'S \Yeée 16%56(1 In 1842 by
in obtaining o supply of bottles for the manuf [ i I © purpose of assisfing Iiugene Roussel
138} anufacture of mineral or aerated water, then j ing i
tho United Statos. o also made fin i aers water, then just being introduced into
ates,  He alg ade flint in one furnace. In 1843 the 1 i
Henry 13, Bennors, the pr ub : y were leased Dy a partnership, of which M.
Menry I, Be , the present proprietor, was a member. This works is still i atl ;
in Philadelphia, and probably in the United States, with a record of one huudgfﬁ?ﬁlﬁ%ﬁiﬁ?ﬁ glasi:: orks

Roturning to 1810, the date of the first census of manufactures we find reported in Peng ‘1 ‘ Tom ,

Allegheny county, five glags honses—one in Philadelphia ci in Phi i sy'vamis, outside of

ny ¢ ) o 1ouses—one in Philadelphia eity, two in Philadelphia connty, and one each in Liycomi
m\q Wayne counties. The value of the product of the Wayne county worksis givenat $36,000 whilethatof g]; -
Philadelphin works was only $26,000. The Lycomng county works, which was probétbly’ at Willia ) etthree
a product of $28,000, This would indicate that glass-making in I’hila’delphia wa$ nof a prosﬁerous bum;;gor; haﬁ
the c(-sl.\ﬂus of 1820 but one works is reported in Philadelphia county, ¢a flint-glass works that had be:;j (; b‘ f
operation for some years”, whilein Wayne county a window-glass work ith fi a si i rted
el b o ’ ! . y 8, with one fornace and six pots, is reported

which had beoon ‘in operation for five years with good success”. Jarves also states that in 1820 a number 02'
w‘orkmeu loft the New Hngland Glass Company at Hast Cambridge, Massachusetts and established a co-operative
flint-glass works at Koensington under the title of the Union Flint Glass Company; i)ut after a few years thils works
pus&gd into other hands, and the first recorded attempt at co-operative glass-making in this country failed ‘
- illul j&";‘r M{{m}rgiﬁy stzmt({(%,‘ th'e‘ D:,:ottvﬂ& works were t.he most extensive in the country. There was also in '
iladelp uq o flint-glasy w.mlts with six pots. No mentionis made of the Wayne connty works at this time, though
it appoears at the census of 1840. There were, however, two works in Lycoming county, at Williamsport, one for
o manutacture of window-glass and the other for hiollow ware (green glass, ete.). 1n 1840, according to thé census

Th £y, . . N " . 3 . o . > i . » - =1
t.hemt :\ (51% ‘L)}l_L Wo gLLbs W(‘)J.kb in }he ear:tern'dmtmct of I’enpsyh:ama: one in Philadelphia and one in Wayne
wu?;b: : 1:1? 1‘b '1s jilcvt 1109,(.3.%::.11,1“3' to follow Ebe hlstory' of .glass in this section further. While there bas been glass
;um (T,m. iner eqs}ng :mzmtmmg }n. easte;*n I enns;srlvanm since 1840, the industry has not attained the importance it

{&ﬂ }Lu(,hcq \\fc'e.l‘: of the ;}nmmmms. It may be interesting to state, however, that though window-glass was at one
time made in Philadelphia, none has been made in that city for seven years.

) Of earxly glass-making in westoern l?anusylvania quite full accounts remain, and at least four of those connected
with tho 051,1'113513. works,.f&}berb.Gallatm., Colonel James O'Hara, Major Isaac Craig, and Major Ebenezer Denny,
’\vm:c.s .1)1'011111101113 in tho affairs of the nation. Their journals and papers have been saved from the destruction or’
()l.sl}\’lc)n .thu.t nsually ovc;;rta,lms sach documents, and from these very satisfactory statements of these early

- undertakings can bo obtained.

’.l)l\.(? ggeneru.lly.mcuivod opinion for some years has been that the first glass works west of. the Allegheny
11\9uutmna Wi l?mlb by Albert Gallatin at his settlement of New Geneva, on the Monongahela river, some 90
nnlaa:a Houtl_l of Pigtsburgh., Heve Mr. Gallatin established a number of industries, and among them that of glass-
waking, Vurious dates have been assigned to his glass works, the most common one being 1787; but the evidence
is quite conclusive that this is an error, and that the works was not started until 1797. («)

ot only is tho date usually assigned to this works incorreet, but it is very probable that it is not entitled
o tho eredit of heing the first west of the Alleghenies, Oraig & O’Huora making glass about a month earlier. (&)
As the Gallutin works was isolated and so remained, not forming, as did Craig & O'Hara’s, the nucleus of a greab
industey, it may be well, though it was not the earliest, to give its history first, that the account of the works at
Pigtsburgh may he a connected one. -

The Gallatin works was used for the manufacture of window-glass. The furnace was a small one, With eight
pots, nsing wood as a fuel and ¢ ashes for alkali”, The glass house was 40 Dy 40 feet, three sides frame and one side
stone.  Thoe most credible story regarding its erection is that a number of glags-workers, mostly Germans, left
Amelung’s factory (¢) at Tredericktown, Maryland, and crossed the mountains for the purpose of building a glass
works at the point that is now Louisville, Kentucky. Gallatin accidentally met them at Wheeling and persuaded

a In Adame’ Lije of Gallatin, Philadelphia, 1879, it is stated that the husiness of ¢ glass-making * at New Geneva began during Mr,
Ginllnbin’s ahaensco in the spring of 17977, This is confivmed by Mr. Isnac Craig. (Seenofe below.)

b 1 am informod Ly Mr. Isanc Oratg, of Pittsburgh, the grandson of Major Oraig, who has in his possession many of the letters that
passed hobwoon Mpjor Crnig and Colonel O'Hara on the subjech of the glass works, and who is one of the best aufhorities on the bistory
of woestorn Ponnsylvanin living, thabt as the vesalt of o correspondence between himself, Mr, Henry Adams, the author of the Life of
Gallatin, hofore reforved to, and. o son of Mr, Gallatin, he is couvineed that the Craig & O'Hara works began to make glass a month
onmtior than Gellatins,  The Pletsburgh worles bogan in 1797 without doubt, and this would fix the date of Gallatin’s as 1797 also. M.
Crndg has kindly allowed mo {ree accoss to his grandfather’s lotter-bools. . :

o Soo peconnt of this works ander “Glass-making in Moaryland ?. It is probable that Mr. Amelung was at one time & glass-worker
wb Plttsburgh,  Tn Comming's Journal, about 1807, mention is made of A. 7. Amelnng, o glass-worker in Pittsburgh. ‘

!
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them to turn back to New Geneva and establish the works there, Mr, Gallatin agreeing to furnish capital and they
to do the Dlowing.(a) The title of the firm at first was Gallatin & Co,, but it was afterward changed to the New
Geneva glass works. -

For a time the business was exceedingly profitable, more so, Mr. Adams fells us, than any other of Mr.
Gallatin’s enterprises. (b)) There were but two, possibly three, other window-glass factories in the eountry, most of
thie window-glass used coming from ¥ngland. These works, as well a$ Craig & ("Hara’s, were on or near the route
of travel besween the Tast and the rapidly developing West, and the glass commanded aveadymarket. Theye scems
to have been considerable discussion between Mr. Gallatin and his partners, among whom were a Mr. Nieholson
and two brothers by the name of Kramer, who were skilled workmen and had charge of the manufacturing of the
glass, as to the price at which it should be sold, and it was fixed at 814 a box of 100 feet, (¢) though M. Gallatin,
fearing rninous eompetition by reason of the profit at this price, favored a lower rate. The glass, however, by
reason of the character of the materials used, was probably ¢f an inferior gquality., The works was vemoved in 1807
to the other side of the Monongaliela river, and in 1814 it was operated by Nicholson & Co. (d) As late as 1832 a
glass house was reported at New Geneva, and glass was made some years later than this, When the works was
finally abandoned I have not been able to learn.

In 1796 preliminary steps were taken by Major Isaae Oraig and Colonel James O'Hava toward the crection of
the first glass house ab Pittsburgh. (¢) This was also the first works west of the mountains to make glass, Mr,
Peter William Eichbawm, a German glass-worker, who was superintendent of glass works at the Falls of the
Schuylkill, near Philadelpbia, being engaged to direct their ereetiom. (f) Varjous causes delayed the work,
and it was nob antil 1797 that the active work of building the furnace was begnn, when, ag appears from a letter
written June 12 of that year by Major Craig to Colonel O'Hara, (g) seaveh for coal in the upper part of what is now
Allegheny City not sbowing a vein of workable thickness, a loeation on Coal Hill, on the south side of the
Monongahela river, just above where it nnites with the Allegheny to form the Ohio, was purehased, and the ereetion
of the fornace was begun. This site, or part of it, has ever since been continnously ocenpied by a glass house, the
Point Bridge works of Thomas Wightman & Co. occupying it at present. '

This was one of the first, if not the first works in the United States to use coal as a fuel; () indeed, as late
2s 1810 coal was not used in any glass works in this country but the Pittshurgh houses. (7) It was not the force or
circuinstances or lack of wood that led to the use of coal, bub it was the deliberate design of the promoters of this
enterprise to melt their glass with coal, and it was the character of the coal in Coal hill that determined the loeation
of the works, (j) The use of coal in the state of the art ab this time required congiderable determination and risk,
and it is to the credit of these gentlemen that they dared nse it.

The generally received belief that this was the first glass works in Pittsburgh was called in guestion & few

“years since by the statement thatin 1793 there was a window-glass works, known as “Scoft’s”, at Glass House
riffle, on the wost bank of the Monongabela. (k) This is without doubt an ervor. Mr.Neville B. Craig, in bis History
of Pittsburgh, speaks of the O'Hara works as ¢ the first glass house here”, and as his memory went back distinctly
to 1796, if not earlier, it is hardly possible be would not have known of this * Seotfs” works if it existed ju 1795,
It is probable that the works referred to was the “Ohio” works, builp about 1800 by Denny & Beelen, which
was on the north side of the Ohio, and which gave the name to Glass Hounse riffle, ag it appears from a letter of
Major Craig's, in connection with the experiment of Mr. Price, that Dr. Hugh Seott, from whom it got its name,

a History of Fayelte County, Pennsylvanie. Philadelphia, 1882.

¥ Life of Gallatin, p. 176, Mr. Adams writes mo, bowever, that he glass works were “yp coustant matter of ansiety” to My,
Gallatin, ’

¢ This doos nob seem so extravagant » price when ib is Jnown that a$ the census of 1810, when there were at least fifteen works in
the country making about 5,000,000 square feet of window-glass » year, the marshals estimated the value of the glass ab 16 cents # square
foot.

d Cramer’s Novigator, Bth ed., p. 40. Pittsburgh, 1814,

¢ Histary of Pittshurgh, p. 276, By Neville B. Craig. Pittsburgh, 1851, ) .

7 I have bafore me a letter from Mr. Bichbanm fo Major Craig, dated Falls of the Sehnylkill, Augnss 18, 1796, from which il appears
that negotiations had been in progress for some time between these gentlemen leoking to the building of the glass house, and “four
different sorts of elay” from near Pittsburgh bad boen sent Mr, Eichbuum for his judgment a3 to their adaptability for pot-making. He
writes they “ do not look amigs” with the sxception of some roots, and gives directions for the digging and ripening of 20 or 25 tons
weight. This letter isin anawer to one from Major Craig, of June 8, 1796, in which Le had evidently made a propositian to Mr, Richbanm
to go to Pittsburgh, which the latter accepts conditionally if Messrs, Urnig & Q'Hara’s resolve to build glassworks is “absolutely Hxed”.

¢ Craig's History of Pittsburgh, py. 276, 277,

% Gallatin's works used wood, as did Denny & Beelen’s, the third west of the mountains.

4 Sco Gallatin’s Report on Manufactures in 1810, )

§ The Glass House ritle works referred to below used wood, its looation on the north bank of the Ohio rendering this necessary.

& See Pittsburgh as It I, by George . Thursten, Pittsburgh, 1857; also Bishop's Histary of dmertcan Mannfoctures, which probably
followa Thurston, Mr. Thurston’s authovity is o statement of the late Mr. Willinm McCnily, o well-known Pittsburgh glass manufactuver,
who learned the trade of window-glass Ulowing in the Crayz & O'Hara glass house. 1tkink there can be no doubd but that Mr, Thurston
either misunderstood Mr. MeQully, or that Mr. MeCnlly was mistaien. Mr. Mark Watson, Mr. MceCully’s son-in-lwsw and his snecessor in
business, suthorizes the statement thab in theiv maeny conversations on the suhject Mr, McCully slways spoke of the Craig-Q’Hara honse
as the ﬁx}{. Mer, Isanc Craig also states that, as early ay 1845, My, McCully told him that the Craig & O'Hara works wasthe first.

(L MM ' 112l
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was in 1800 connected with this works. There seems to be no doubt that the Craig & O’Hara works was
the first glass works not only in Pittsburgh, but west of the mountains, and was the pioneer of Pittsburgh’s
glass industry.

The building erected was frame, and contained an eight-pot window-glass furnace using coal as fuel, three hoxes
being made at a blowing, the box at that time containing 100 square feet. What is now known as abox,50 square
feet, was formerly, even as late as 1860, termed ““half box (I. B.)”, and the rates of wages for blowing are still based
on the box of 100 feet. Some idea of the pots in this pioneer factory can be obtained from the output. A box of
100 feet did not probably exceed 125 pounds in weight, which would give 375 pounds as the finished product of the
blowing or of one blower at each melting, and allowing that the weight of product was four-fifths of the weight of
batch, the amount of material charged into each pot would be but 500 pounds. Now the weight of bateh in each
pot will average 1,500 pounds, and the average of a blower is nine to ten boxes of 100 feet. An old glass
manufacturer expresses this difference in the size of the pots very graphically in saying: ¢ One man could easily
lift an old-style pot, now it tales four men.”

Aswas generally the custom in the window-glass houses of that day, one or more pots in the furnace were used
for the manufacture of bottles—*¢“hollow ware,” as they were termed. Among Colonel O’Hara’s papers, found after
his death, was a memorandun in his handwriting stating, ¢ To-day we made the first bottle, at a cost of $30,000.” (a)
This remark has led to the belief that the works was a bottle house, but it was a window-glass factory, making
some bottles. The partnership between Oraig and O’Hara lasted for seven years, when Major Craig was persuaded
by bis relatives, who feared financial loss, to withdraw. (b)) The works were continued by Colonel O’Hara.

The difficulty and expense connected with this first attempt at glass-making west of the mountaing were
such as must have discouraged a less determined man than Major Craig, who seems to have had the immediate
management of the works, he being in Pittsburgh most of the time, while Colonel O’Hara’s other interests callied
him frequently from Pittsburgh. The men employed as superintendent and blowers did not always prove to be
as highly skilled as their own assertions would have indicated, and many of the workmen seem to have heen petulant,
easily angered, and constantly threatened to leave the works. For some such reason as this, in December, 1798,
the works were leased to Tichbaum, Wendt & Co., a firm composed of workmen who do not seem to have been very
successful financially, Great trouble was experienced also in obtaining the proper materials. The clay which was
found in the neighborhood, and which, as appears from a letter previously quoted, was supposed to be of the
proper quality to make pots, proved unfit for use, and clay had to be brought from New Jersey in barrels over the
mountains at great expense, and frequently the delays were so great that the furnace had to go out of blast for
want of pots. When the clay came the whole force would be put to work making pots, which would be dried
hurriedly, and the furnaee would be put in blast again with the result that every glass-maker of to day would
have anticipated—the pots were lost. In one case, in an 8-pot furnace, three pots were lost at the first melting,
and the next day fonr more, leaving but one in the furnace. Great trouble was also experienced in getfing sand,
and Major Craig’s letters constantly refer to the different localities from which specimens were procured and the
grecess in their use.

The trials and the results obtained at this works are set forth in the following letter, dated Angust 5, 1503,
written by Major Craig to Samuel Hodgson, of Philadelphia:

With respect to our glass mannfacturing, the establishment has been attended with greater expense than we had estimated. This has
been ocensioned partly by very extensive buildings necessarily erected to accommodate a number of people employed in the manufacture,
together with their families, and partly by the ignorauce of some people in whose skill of that business we reposed too much confidence.
Bearcity of some of the materials at fhe commencement of the manufacturing was alse attended with considerable expense. Wo have,
however, by perseverance and attention, bronght the manufacture to comparative perfection. During the lasgt blast, which commenced
at the beginning of January and continued six months, we made on an average thirty hoxes a week of excellent window-glass, beside
bottles and other hollow ware to the amount of one-third of the value of the window-glass, 8 by 10 selling at $13 50, 10 by 12 at §15, and
other sizes in proportion.

In the fall of 1800 the ¢ commissioner of the city of Washington?, then just made the seat of government,
applied to Craig & O’Hara to malke for the public buildings some glass of larger sizes than had ever been produced
in this country, but the attempt was unsuccessful. Glass of the size required, to the extent of some 400 square feet,
was made “of a transparency tolerably good”, but itwas too uneven for the purpose, or was spoiled in flattening,
and ihe glass required was obtained from England. ‘

The second glass house built in the vicinity of Pittsburgh, and the third west of the mountains, was that of Denny
& Beelen, This factory was situated on the north side of the Ohio river, in that part of Allegheny now known
a8 Manchester, and gave the name to Glass-House riffle on the Ohio. (¢) It used wood as fuel, its location being
such that coal could not be procured without boating it across the river from the south side of the Monongahela,
while wood was easily procurable. The exact date of the erection of this works has not been ascertained, though

a Military Journal of Major Ebenezer Denny, p. 487., b Craig’s History of Pittsburgh, p. 278. ¢ Major Denny’s Journal, p. 228.
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it was probably built in 1800, (@) Window-glass was made, whether erown or blown is not certain, though there
is alegend that an attempt was made to manufacture the former, A Freachwan by the name of La Flenr, commonly
known as ¢ Falure”, was brought to this country to have charge of the works; but they were unsuneceesstul from
the first, and being compelled to cease operations atter a short run, the fornace was abandoned, La Pleur enteved
the employ of Cralg & ’Hara, and Beelen (B) gave up the glass business.

As has already been stated, the wmanufacture of green-glass bottles, or “hollow ware?, was carried on in these
early glass hounses in connection with that of window-glass, the “ corner pots” {n the window-glass furnasces being
used for the masufacture of bottles and flasks, 'The history of the manufacture of bottles in the West is, therefors,
for many years the history of the window-glass works. It was nearly forty years before furnaces for making
bottles exclusively were built, and the records of the make of glass at Pittsburgh and of the works in that city as
late as 1837 combine window-glass and green glass or bottles as one branch of manufacture, In 1837 thereis a
record of g *vial works? and a ‘“black-bottle factory?”, (¢) the latter ‘ the only one of the kind in the western
eountry”. This factory made wine, porter, and other black or amber bottles, as well as demijoling and carboys. The
custom of using the * corner pot” for bottles is now entively discontinued in this geetion, bottle manufacture being
& distinet branch of the glass industry.

The fivst attempt to manufachuve fliuk-glass west of the Alleghenies was made in Craig & O'Hara’s window-
glass furnace in September or October, 1800, by Mr. William Price, of London, who had then lately arrived in this
conntry, and who “ had been employed altogether in flint-glass”. September §, 1800, Major Craig wrote Colonel
O’'Hara that Nr. Price had arvived, aud had *offered to show us & specimen of his abilities without charge”, and
arrangements were made with Bichbacm, Wendt & Co., who were operating the works nnder lease, to allow him
the use of a pot in the furnace and such assistance 28 he needed to make the experiment. On September 11, 1800,
“one hundred pounds of pearlash, refinad in the best manner, so that it may be perfectly pure, as itis to be applied
in the composition of crystal glass by a man just from London?”, was ordered from Aaron Aimds, at Funl’s tavern,
on Franklin road. October 29, 1800, Major Craig sent a specimen of glass made by Mr. Price to Colanel O’Hara,
and on November 17, 1800, in a lotter to Colanel O’Hara, which he sent by Price, he wrote: * e [Price] hias satisfied
me, as well as others, that his ability in white-glass wanufacturing is egual to his professions.”

These extracts from Major Craig’s letters leave no doubt bub thab at this early date an attempt was made to
produce flint-glass in Pittsburgh, and, further, that the advisability of building a furnace for its manunfacture was
seriously considered. Mr, Oraig writes that Le had hopes that some part of the window-glass house could have
been used for the manutacture of flint-glass, but Price told him it conld not be done. Major Craig seems to have
had some donbt as to obtaining workmen and materials, and also as to whether the business would pay; but Mr.
Price was instructed to make an estimate of the articles needed and drafts of buildings, and submit them to Colonel
O'Hara. Nothing seems to have come from this attempt at the thme. A carefol examination of Mr. Craig’s letter-
hooks gives no evidence of the prosecution of flint-glass manufacture, and as late as 1803, as will be seen by the letter
previously guoted, flint-glass was not wmade at these works.

There is, however, & statement that showld be quoted in this eomnection, to the effect that in 1802 Colonel
O’Hara Duilt an additional furnace at his works and attempted to establish the manutacture of whife and flint
glass, sending an agent to Bngland to procure the necessary workmen; but this agent is reported to have failed in
his mission. (d) I have not been able to verify this statement, and a careful examination of Major Craig’s letter-
books of 1802 and 1803 gives no evidence of the existence of such a house, though they refer quite at length to
Mr. Price’s attempt at flint-glass making and to Mr. Edward Bnsell, who afterward built a flint-glass works. Noris
any evidence of the existence of such a works found in Cramer’s Almanacks. In the Almanack for 1807 O’Hara’s
“glage factory” is mentioned, not hig factories, as would have been the case were he making both flint- and
window-glass, these requiring separate furnaces. () In the dimanack for 1808, which would give the establishments
for 1807, the only glass works mentioned is ¢“1 green-glass works”. In the 4lmansck for 1809 Robinson & Bnsell’s
works appears for the first time, and is the only “white-glass” works, and the first one, mentioned. '

In Cramer’s ddmanack for 1804, among the amounts for each article made from yaw material in Pittsburgh in
1803 are mentioned * jars, decanters, tumblers, blue glass”. It has been argued that this proved. the existence of a
flint-glags house at Pittsburgh, as tumblers and decanters would kardly bemadeout of green glass; but this supposition

@ "The memoir prefixed to Major Denny’s Jowrnal, page 228, statesthat they were built ** about the beginning of the preseat cenury %
In o letter from Major Craig to Colonel ('Hara, dated March 20, 1801, he writes, reforring to this factory: *‘The Ohio glass works have
stapped.” These twwo statements would fix the date at least as early as 1800, and it seems from a number of letters that they were buil
in that year,

% Beelon was 0 Belgian, son of the Anstvian minister # Baron de Belen Bartholf",—Deuny's Jowrnal, p. 228. It thus appears thut
in the early glass works of Pittsburgh were represented the chief glass-making countries of Evropa.

¢ Liyford’s Western Divectory. These honses were on the sonth side, and have been known in recent years as “ Thmsen

& Thurston’s Pittsburgh and Allegheny in the Centonnial Fear, p. 128; alao, Rishop's History of American Monufactures, vol, i, p. 96, -

6 A flint-pot could not have been used snecersfully in the windaw-glass furnace, as pots for bottle-making were, the method of
working precluding this. . 1123
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is not borne out by the facts, as green-glass tumblers and decanters were quite common at that time. (¢) In the
Almanack for 1804 also appears the oft-quoted statement about glass-cutting *equal to any cut in the states of
Europe” which was carried on at Pifttsburgh, and it has been claimed that this indicated the presence of a
flint-glass house. The amount reported cnt, $500 a year, and the fact that the specimens of Mr. Tichbanm’s skill
at this early date seem to have been chandeliers, the beautiful clear glass of the prisms of which could hardly have
been made in Pittsburgh, indicate that the glass came from east of the mountains, if not from Europe. The
evidence I have found is against the existence of such a works. ()

If such a factory as is mentioned ever existed, it must have been short-lived and of but little note, and cannot
be regarded as marking the beginning of the flint-glass industry in Pittsburgl, which dates from 1808. TIn the fall
of 1807 (¢) Mr. George Robinson, a carpenter by trade, and Mr. Edward Ensell, an English glass-worker, who had
been a manufacturer of both window- and flint-glass at Birmingham, England, and had sold his works and come
to this conntry to better his condition, commenced the erection of a flint-glass works at Pittsburgl, on the bank of
the Monongahela, at the foot of Grant street, under the firm name of Robinson & Ensell; butthepartners appear to
have lacked capital and were unable to finish the worls, and the establishment, in an incomplete state, was offered
for sale, probably without having made any glass.

In Aagust, 1808, Mr. Thomas Bakewell and his friend, Mr. Page, who were visiting Pittsburgh at the time,
were induced to purchase the works on the representation of Mr. Ensell that he thoroughly understood the
business. This was the beginning of the firm of Bakewell & Page, that by itself and suecessors has continued
the manufacture of flint-glass to the present, Bakewell, Pears & Co., their direct successors, reporting to the present
census. (d)

Mr. Bakewell soon found that the representations made to him as to the skill of the workmen he relied upon
were not borne out, and he was forced to rely upon his own good judgment and his diligence in obtaining information
about the business. The ditficulties he met with would havedisheartened aless determined man, and the lack of skill
on the part of his workmen and the inferiority of the material interfered at first with his success. His furnace
was badly constructed; his workmen were not highly skilled, and would not permit the introduction of apprentices,
and his materials were procured from a distanee at a time when transportation was difficult and expensive, pearlash
and red lead coming from Philadelphia, and pot-clay from Burlington, New Jersey, all being transported over the
mounntains in wagons. The sand was obtained near Pittsburgh, but was yellowish, and up to this time had ounly
been used for window- and bottle-glass; the saltpeter from the caves of Kentucky until 1825, when the supply was
obtained from Caleutta. These difficnlties were in time overcome. Good clay was procured from Holland, and
purer materials were discovered; and he rebuilt his furnaces on a better plan, competent workmen being either
instructed or brought from Europe, and through his energy and perseverance the works became eminently sucecessful,
There can be no doubt that Mr. Bakewell is entitled to the honor-of ercecting and operating the first successful
flint-glass house in the United States.

The furnace built or completed in 1808 held six 20-inch pots. This was replaced in 1810 by a 10-pot furnace, (¢)
and in 1814 another furnaee of the samme capacity was added to the works. The establishment was burned down
in the great fire of 1845, but was immediately rebuilt. The site is now occupied in part by the Baltimore and Ohio
railroad depot, the brick part of the depot being a part of the old warehouse.

The sunccess of Messrs, Bakewell & Page indueed others to embark in the business. In 1809 another flint-
glass house was built, which produced glass on a limited scale, and in 1810 another company was formed, but
failed in a short time. In 1812 another works, making the fourth in four years, was built. (f) It would thus
appear that the manufacture of flint-glass increased much more rapidly than that of window-glass, as at that
time there was in Pittsburgh only the O’Hara window-glass works, started in 1797,

In 1810 the manufactures of the United States began to attract considerable attention, and for the first
time the census returns include a statement of manufactured articles. In this year Mr. Albert Gallatin, then

& These decanters were known as “ hig-bellied bottles”, and were made out of the ¢ corner pots” of the window-glass honses even later
than 1837. Mr, Isaae Craig writes mo: ‘I recollect dlistinetly seeing both tumblers and decanfers made of green glass. In old times
decantors wore used in every houss, most co..monly by the poorer families, who eould not afford cut glass. Whisky was set out to overy
visitor in these decanters, and before and after overy moal. Althongh of green glass, they werenot cut, but ornamented by beads around
the necl.” These beads were probably pinched on while the glass was still plastic.

b The only evidence I have been able to find that this works ever existed is that econtained in Thurston and Bishop., Mr, Thomas
Balkewell, who came to Pittshurgh and entered into the glass business in 1808, and who was authority on the early history of «la,ss-makmg
in that eity, seems to have had no knowledge of such a works, and speaks of Robinson & Engell’s attempt as the first.

o Jarves, in his Remiaisconces, who got his information from Mr. Thomas Bakewell, says 1808 ; but in Cuming’s Tour, publishéd in
Pittsburgh in 1810, is a statement, p. 222, in regard to Pittshurgh, that “an accouniit of the manufz,ncturers and tradesmen was takoen in
the fall of 1807, the result of which was * * * g plass works for green glass on the opposite side of the Monongahela, another just
ercctod for white glass on the town side of the same river”. This Iatter undoubtedly was the Robinson & Ensell works.

d Binee thoe census year the firm has gone outi of existence, after nearly three-quarters of a century of business life.

¢ See Jarves’ Reminiscences of Glass-making, to which I am indebted for mzmy of the facts about Mr., Bakewell and his works.
J Jarves’ Reminiscences of Glass-making, p. 72.
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Secretary of the Treasury, made & report to the House of Representatives on our industries, in the course of which
he mentioned that ¢ two works, employing together six glass-blowers, had lately been crected at Pittsburgh, and
made decanters, tumblers, and every other deseription of tlint-glass of a superior quality”.

The Pittsburgh window-glass works iy algo mentioned, and it is stated that all of this kind of works in the

. country, with the exception of “that of Pittsburgh”, used wood as fuel, the latter using coal. According to the

census returns for 1810, there were three glass works in Pittgburgh that year which produced $62,000 in value. If
Gallatin’s statement is correct, two of these were fling works, and one manunfactured window-glass and green
bottles. («)

Concerning the condition ot glass-making in Pittsburghin 1813 and 1814 Cramer’s Navigator (0) states:

The manufacture of glass has suceceded as well as the most sangnine had expected. The situation of this place is particularly favorable,
notwithstanding some disadvantages in procuring some of the materials, The first was established by Colonel O’Hara about the year
1798. (¢) There are two glass works on the opposite side of the Monongahela, erected by Trevor & Ensell, and one in the new town of
Birmingham, under tho firm of Beltzhoover, Wendt & Co. These, with the three hefore erected, to wit, O'Hara’s, Robinson’s, and
Bakewell's, will be able to manufacture fo the amount of 160,000 annnally. Both flint and green glass are now made here to great
perfection. Messes, Bakewell, Page & Bakewell have lately built another flint-glass works in addition to their former one. There are
now in the town and opposite two white and three green glass houses. Glass-cutting is likewise executed in this place not inferior to
the best ent-glass in Burope. 'The furniture of the apothecaries? shops is altogether of home manufacture.

This exfract would indicate that some of the flint houses had gone out of existence and capital invested in
glass-making was wisely turned to the branches that promised profit.

The number of glass houses after this increased so rapidly that it is impossible to enter into the details of the
history of each. In 1819, according to the memorial adopted at a town meeting and sent‘to Congress, the
manufacture of glass in Pittsburgh had rapidly declined since 1815. At the latter date 169 workmen were
employed, producing $235,000 in value of glass annually, while in 1819 the number had fallen to 40, producing but
835,100, and the statement is made that in flint-glass alone the reduction was $75,000.(4) In 1820 the census reports
the product of ¢ glassware and colored flint” as $20,000, and of ¢glass, window and hollow?”, as $24,000. In Fayette
county, at the same time, there were three establishments making window-glass and hollow ware, In 1826 there
were eight window-glass works in western Pennsylvania, producing 27,000 boxes (100 feet) of glass per annum,
valued at $135,000, and, in additien, $30,000 worth of flint ware was made, In 1831 (¢) there were four flint houses,
with thirty-two pots, and four window-glass honses at Pittsburgh, four or five at Brownsville, one each at New
Geneva, Bridgeport, New Albany, Perrypolis, and Williamsport, making window-glass, and one at the latter place
making hollow ware. Mr, Bakewell at this time estimated that the value of glass produced in western Pennsylvania
was more than $500,000 annually. In 1837 there were thirteen factories in Pittsburgh and its immediate vicinity,
six flint and the balance window-glass or green hollow wazre, making about $700,000 worth. Among these were
the Sligo works of William McCully, established in 1828, and continued at the present day by W. McCully & Co.;
the flint-glass works of Curling & Price, known as the Fort Pitt glass works, established in 1830, now carried on
by their successors, 18, D. Dithridge & Co.; and the window-glass factory of F. Lorenz, now continued by Thomas
Wightman & Co. Twenty years afterward, in 1857, there were thirty-three factories at Pittsburgh, of which
nine produced flint-glass and twenty-four window, green, and black glass to the value of $2,631,990, employing
1,982 hands, whose wages were $910,116, consuming material to the amount of 2,078,734 40. In 1865 there were
fifteen bottle and vial factories, fifteen window-glass factories, and fifteen flint-glass works in Pittsburgh, being
forty-five glass louses in all; an increase of 36 per cent. in eight years. These fifteen window-glass works,
located immediately at Pittsburgh, had a capacity to make 520,000 boxes of glass in a year, but their average yield
was about 400,000 boxes, whose entire value at that time was $2,600,000. The fifteen green or vial works
produced annually about 420,000 gross of vials and bottles, worth, at the then rate, $2,100,000. The pressure npon
these works at that time is Dest shown by the fact that, although only customary to run them for ten months in
the year, yet many of them had run twenty-one months without stopping. The fifteen flint-glass works then in
operation at Pittsburgh produced about 4,200 tons of glassware, worth then, in round numbers, $2,000,000. Their

capacity was, however, double the amount produced, or about 8,000 tons. ()

@ Cramer's Navigator, published in 1814, states that in 1810 there were two white and one green glass works in Pittsburfgh. o

b The copy of Cramer's Namgalor from which this statement is taken bears the flate 1814, though the preface was written in 1811,
The statement probably rofers to 1813 or 1814, as the work was revised and published in several editions.

¢ This should, of course, be 1797.

@ Address of the Philadelphia Society for the Promotion of National Industry, 1. 257,

¢ Report of the New York Tariff Convention, 1831, p. 121,

S Pittsburgh and Allegheny in the Centenniol Year, By G. H. Thurston. 1195
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Below, I give in a tabulated form such statistical information asThave been able to gain as to the glass works
of Pittsburgh from 1797 : :

WINDOW AND BOTTLE. WINDOW. " pLINT. GREEN BOTILE. ALL KIXDS.
Date.
Works, Value. Works, Value. Works. Value. ‘Works, Value. Works, Value.
................ 1 $10,000 doeeemii e 1 *$10, 000
. : 1 *10, 000
$12, 500 1 12, 500
3 70, 000
3 62, 000
b 170, 000
5 285, 000
5 240, 000
5 35, 100
7 235, 000
8 500, 0060
13 728, 080
10 emriemiannans
................................................. ]
............................ .. .. 25 2,631, 990
$875,520 Joorinrirnsfiincirieinannn, J O P, 18 12,075,143
2, 600, 000 15 2, 000, 000 15 $2, 100, 000 45 §6,700, 000
................ 32 15, 832, 429
................ [ A T P,
1, 632, 687 30 3,215, 008 -G 820, 487 51 5, 668, 212
* Hstimated. ’ § Evidently ostimated.
t 27,000 Doxces ade. | Number of furnaces, not of works,

t From the censug, and evidently incorrect.

At the present censns, as will be seen by an examination of the tables, Allegheny county stands first as a
glass-making center. Its statistics are as follows: :

; i :
NUMBER OF EMPLOYES. | l
No, of e :
) i s No.of | No.of Total wages || Value of ma-|i Total value
Kinds of glass. “%1““}’1}%:? Capital.  |ipypnnces.| pots. ot | Males |TFomales Gh:ixlel{en paid. terials used. || of product.
" | over 16. | over 15. yout(hs. |
_— | —
|
Window-glass .. 12 $1, 880, 000 23 216 1,133 B 1 11) S P 32 $800, 842 1 $576, 638 $1, 032, 487
Glassware - ,-.-- 30 2, 744, 500 61 496 4, 069 2,691 129 1, 249 1, 600, 833 ‘L 1,180, 851 3,215, 038
GLCON ElA88 cvmaneemenvannans e 9 856, 500 11 85 851 650 12 189 875,750 | 382,160 820, 487
b 37 R 51 B, 481, 000 85 797 8, 053 4,442 141 1,470 2, 686, 425 4: 2,189, 058 3, 008, 212

It will thus be seen that this county had 24.17 per cent. of the total number of glass establishments of all
kinds in the country, 27.62 per cent. of all the capital invested, and produced 26.79 per cent. in value of the
products. Tt had 20.69 per cent. of the number of window-glass establishments, but 37.96 per cent. of the eapital
invested in window glass, and produced 31% per cent. of the boxes of glass made, and 32 per cent. of value of produet.
In flint-glass and glassware Allegheny county had 32,97 per cent. of the number of establishments, 37.04 per cent.
‘of the capital invested, and produced 33.60 per cent. of the value of this kind of glass made. In green glass this
county had 16 per cent. of the establishments, 17.50 per cent. of the capital invested, and made 14F per cent. of
the green glass produced. Of the total of the entire country in the three classes named—window, flint, and
green—Allegheny county had 24.88 or 25 per cent. of the establishments, 81.76 or 32 per cent. of the capital, and

made in value 28 per cent. of all the product.
It should be noted that these caleulations do not include plate-glass, of which none is made in this county,

nor do they include the works in Fayette and Beaver counties, which have their offices in Pittsburgh.

While the figures show that the proportion of the glasg of the United States made in this county is not so
great as has been supposed, it indicates that of all the great industries of the country it is the one that produces
at Pittsburgh the largest proportion.

wGLASS-MAKING IN MASSACHUSETTS.

The history of the beginning of the manufacture of glass in Massachusetts is involved in some doubt.
Bishop, in his History of American Manujactures, states that the earliest works was built in a part of what is now

the town of Quiney, but in this he is probably mistaken, as the Salem works were undoubtedly the first, He
1126 :
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assigns no date to this Quincy works, but Appleton’s Cyclopedia gives it as about 1750. This works was, like
most of the other early ones in this countly, built by Germans, (@) and its site is known to this day as Germantown.
Only black bottles were made, some specimens of which still exist, which are of very poor metal and of rude make.
The proprietors failed some years before the Revolution, and the house having burned dowan, it was never rebuilt. (b)

The first glass honse in Massachusetts, and the first to which a date can be assigned, was erected in Salem about
1639. In this year Ananias Concklin, Obadiah Holmes, and Lawrence Southwick received two acres of land each
“adjoining to their houses”, which was granted to them as ¢ glass men”, for the purpose of promoting the
manufacture of glass. The next year John Coneklin, another ¢ glass man”, was allotted five acres more bordering
the previous grants.

In December, 1641, the general court, for the encouragement of the enterprise, authorized the town of Salem
to lend the proprietors £30, which was to be deducted from the next town rate, and the glass men were to
repay it, “if the work succeeded, when they were able(¢) The works having been neglected for three years,
the Conckling, in 1645, received permission from the court to form a new company to earry on the business. (d)
Glass was for a considerable time afterward manufactured at that place, which is mentioned in the Colonial
Lecords, in 1661, as the Glass House field. In this, and those which for many years succeeded, it is probable that
nothing more was attempted than the manufacture of hottles and other coarse deseriptions of glass. (¢)

Assuming the date assigned to this works to be correct, it certainly displayed a great deal of enterprise in
the infant colony to thus early undertake the manufacture of glass, and, though the products were coarse, they
answered the purposes of the colonists. Window-glass could be imported from England of a much better quality
than could be made, but bottles were so bulky and so liable to breakage that they could be made to advantage
iz eompetition with the works of the mother country.

The history of the glass worls of New England is involved in doubt for some years after this, but it is probable
that a workswas builtat Boston just prior to the Revolution, as Lord Sheffield, writing at the close of the war, says: “A
considerable glass manufacture at Boston failed there several years ago.” In December, 1752, the general conrt
passed an aet granting Isaac C. Winslow and others the sole privilege of making glass in the province. It is
probable that this works was established at Boston, and that it was this failure to which Lord Sheffield refers.
However this may be, Boston again began the manufacture of glass shortly after the Revolution, and this time
with great and long-continued success. This new enterprise, the Boston Crown Glass Company, which was the
first really successful glass works in the country, was greatly encouraged by the very liberal action of the state. In
July, 1787, Messrs. Whalley, Hunnewell, and others received from the legislature a charter conferring upon them
the exclusive right to manufacture glass in Massachusetts for fifteen years, and a fine of £500 was attached
to any infringement of this right. The capital stock was exempted from all taxes, and the workmen from all
military duties. Jarves also states that to counteract the effect of the bounty paid by England on the exportation
of glass from that kingdom the state pnid the proprietors of this works a bounty on every table of glass made.
A pyramidal factory of brick was erected on alarge scale at the foot of Essex street; but being found ill-adapted to
the purpose, it was afterward taken down and a wooden one, lined with brick, differently construeted, was put up in
its place, its dimensions being 100 feet in length by 60 in width. On aceount of difficulties in proeuring workmen
and other embarrassments operations were not fully commenced until November, 1792.(f) The corporation
commenced with the manufacture of erown window-glass, which was of a quality equal or superior to any imported.
Materials were found to be abundant, and some six years later they produced about 900 sheets per week, worth
81 75 per sheet, or $82,000 per annum. (g)

This works was incorporated as the Boston Crown Glass Compzmy in 1809. Regarding the snccess of this
company Mr. Jarves says: , |

The stute hounty had the cffect to enconrage the proprietors and austain their efforts, so that by perseverance many difficulties were
overcome and a well-earned reputation supported for the strength and clearness of their glass; o glass superior to the imported, and well
Lkuown throughout the United States as “ Boston window-glass”, This reputation they steadily sustained, until they made glass in their
new works ab South Boston in the year 1522,

The carly suceess of this works led to the establishment of others in various parts of the country, and many of
the workmen of the Essex-street house were enticed away by flattering offers. In 1811 the proprietors of the
Essex-street works erected large and improved works on the shore at South Boston, and to supply the workmen
enticed away, as also to meet the wants of their factory, an agent was sent to England to procure a set of glass-
workers. By the time they reached this country the war with England broke out, and the enterprise was defeated;

@ It is an interesting fact that some or all of the worlkers in the first glass houses of Virginia, Maryland, Pennsylvama, and New
Hamnpshire were Germans.
b See Jarvey Reminiscences of Glaas Making, p. 53. Also Mass, Hwtory Col., vol, iii, p. 276,
¢ Felt’s Annals of Salem.
& Colonial Records, vol. i, 844; ii, 137,
. e See Bishop’s History of American Manufactures, vol. i, pp. 233, 234.
J Mr. Jarves says in 1803, upon the arrival of a German by the name of Lint (probably Lindt).

9 See Bishop's Hisiory of American Manyfaolures, vol, i, p. 241. 2
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for it hecame difficult to procure fuel and the various means for carrying on the Essex-street works. After the
war operations were resumed and continuned until 1826, when from had management the company failed.

In 1802 glass works were established at Middlesex village, then in the town of Chelmsford, but now a part
of Lowell, by Hunnewell & Gore, of Boston. Window-glass was the chief product, though some other glass was
made. Allen’s History of Chelmsford, published in 1820, states:

On the east bank of Middlesex canal, a distance of 200 rods from Merrimack river, a large building, 124 feet long and 62 feet wide,
with necessary appendages for manufacture of window-glass, was erected in 1802.

Near it is a two-storied house, handsomely finished, designed for the residence of the overseer, and around it, at convenient distances,
a number of amaller houses for the accommeodation of the workmen and their families.

There are appertaining to this manufactory about 20 families, consisting of 40 men, 20 women, and 40 c¢hildren—100 in Al Ibis
now in a flourishing state. About 330,000 feet of window-glass are annually made, or 3,300 boxes of 100 feet each, which, at $13 per hox,
will amount to $42,900.

The situation is very favorable for transportation to Boston, and those raw waterials from thence which it would e expensive to
convey by land. A ready and cheap supply of wood is also easily obtained, of which ifi is estimated that about 2,000 cords are annually
congumed in the manufactory and houses attached to it,

The manufaetory consists of two furnaces, three flattening ovens, two tempering ovens, six ovens for drying wood, cutting, mixing,
and pot rooms, a kiln for hurning brick, o mill-house, and sand-louse.

The proprietors failed about 1827 or 1828; the works were also burned about this time. In 1828 a corporation
was formed and the works rebuilt, but it is uncertain if glass was made before 1829. In 1839 the works were
abandoned and moved to Suncook village, Pembroke, New Hampshire, The process of manufacture at this
worls is thus deseribed: («)

The process was to mix Morris viver (New Jersey) or Massabesic lake (New Hampshire) sand with lime, sal-soda, black and white
salts, ete.; no sand was ever procured for the purpose in this region. Ten large pots were heated from one furnace, each pot making
about 500 surface feet of glass per ““melt”, and there were on an average about twenty-five ““melts” per month, running nine months of
the year. The glass was first blown in cylindrical shape, like a long picce of stove-pipe, then cut along one side lengthwise and flattened.

Various other attempts have been made in eastern Massachusetts to establish the manufacture of window-glass,
the details of which I have not been able to ascertain. In 1860 a large establishment, the Boston erystal glass
works, was erected at South Boston for the manufacture of sheet window-glass. This was followed by several
smaller ones, but they all failed to make glass at a profit, and were abandoned. As an illustration of the losses
frequently met with in these manufacturing experiments, it may be stated that the plant of this Boston crystal
glass works, which cost about $186,000, after lying idle for fifteen years, was sold in 1881 for $60,000 to the
‘Walworth Tube Manufacturing Company. All the window-glass works in this section have been abandoned, and
in the census year the only one in operation in the state was in the western part, in Berkshire county.

Through the kindness of Mr. A. T. Servin, of Lenox Furnace, who has been closely identified with the glass
industry of that section, I am enabled to give some details of the attempts to establish its manufacture in western
Massachusetts. In 1812 a window-glass factory was started at Cheshire, probably the first attempt at the
manufacture of glass away from the seaboard, and about the same time another was built in the mear town of
Chester Factory. These were brought into existence by the war of 1812, and owing to the superior gquality of the
sand were located at this place. Both of these ran but a short time. In 1850-’51 a window-glass factory was
started at Cheshire, ran abount two years, and was changed to a plate-glass factory. It has since been used for
window-glass, but is now abandoned. In 1853 a factory was started at Berkshire. This is still in successful
operation, and is the only works that mude window-glass in New England in the census year. In 1853 another
factory was started at Lenox Furnace, but this was changed to plate-glass ; and in 1869 still -another works was
built at this place, which ran for about two years, but is now abandoned.

The beginning of the manufacture of flint-glass in Massachusetts was an outgrowth of the Essex-street
factory. Among the workmen brought to this country to operate this works were a number who were not only
skilled window-glass blowers, but were flint-glass workers as well. 'When the window-glass works were compelled
to suspend operations in part, owing to the difficulty of procuring materials during the war of 1812, a number of
blowers were thrown out of occupation. Among these was Mr. Thomas Caines, who was still living when M.
Jarves wrote his Reminiscences. Mr. Caines, who was mnot only a skilled blower, but an admirable manager,
and was also well aequainted with the art of mixing glass and the proportions employed, prevailed upon the
proprietors of the window-glass works to build a small six-pot flint furnace in a part of their nnoccupied works
at South Boston. This establishment found full employment during the war of 1812. It, however, was compelled
to cease operations, and though several attempts were made to operate it between 1820 and 1840 they were
unsuccessful. About the same time that this South Boston factory was built the Porcelain and Glass Manufacturing
Company was incorporated and built a flint-glass house at East Cambridge. The furnace was a small gix-potb one,
and workmen were brought from abroad to work it; but it proved a failure. In 1815 some workmen left the South
Boston factory, leased this furnace at East Cambridge, and commenced the manufacture of flint-glass under the
firm name of Emmet, Fisher & Flowers; but want of harmony among the members of the firm led to a dissolution,
and in 1817 the Porcelain Company disposed of their works at auction. These were bought by the New

1198 a See Fox Populi, Lowell, Massachusebts.
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England Glass Company, which was ineorporated in 1817, and from these works has been produced glass the equal
of that made in the best English flint houses. This works, when it first started, had a small six-pot furnace, each
pot holding abount 600 pounds of bateh, Some forty hands were employed, and the yearly product was about $40,000.
Bishop, in speaking of these works in 1818, which he calls ¢ one of the most extensive flint-glass manufactories in
the country ”, says:

Two flint-glass furnaces and twenty-four glass-cutting mills, operated by steam, and a red- leud furnace, capable of making two tona
of red lead per week, enabled them to produce every variety of fine, plain, mold, and the richest cut glass, as Greeian lamps, echandeliers
for churches, vases, antique and transparent lamps, ete., for domestic supply and exportation to the West Indies and South America.
Virginia coal, New Orleans lead, Delaware sand, and other native materials were used. Tho capital was about $80,000, and the annual
product ?465 000,

In 1823 it is stated that 22,400 pounds of glass vessels per week were made, many of which are beautlfully cut,
and were sent into Boston and other places for sale. Writing of these works in 18065, Mr., Jarves states that ﬁve
farnaces were run, averaging ten pots each, with a capacity of 2,000 pounds to each pot. Five hundred hands were
employed, and the yearly product was $500,000. This works is still in existence, but is Jeased to My, W. L. Libby,
who rans only a portion of it. Its reputation for the excellent quality of its glass is still very high.

In 1823 ground was broken for a flint-glass works at Sandwich, and in three months they commenced blowing
glass. These works also commenced in o small way with an eight-pot furnace, the weekly melts being some 7,000
pounds; but at the time Mr. Jarves wrote his Reminiscences the weekly melts had been increased to about 100,000
pounnds, and the one furnace, with eight pots, to four with forty pots.

In 1865 Mr. Jarves states that two flint-glass establishments were in operation in Bast Cambridge, three in
South Boston, and one in Sandwich. At the present time there are six glassware establishments in Massachusetts,
of which one was entirely idle and virtually out of existence and another idle in part.

Some of the most interesting chapters in the historyof glass in Massachusetis are those recording the successes
and defeats connected with the manufactare of plate-glass. These are given in detail in that part of this chapter
treating of plate-glass. Here it is only needful to say thatthese attempts began at Cheshire in 1852-1853. The works
was changed from window-glass to plate-glags, run for about two months, and was then moved to Brooklyn, New York.
The second effort was at Lenox Furnace. These works, after passing the vicissitudes narrated elsewhere, are still
in existence. \

Though at one time Massachusetts was in the foremost rank of glass-producing states, the lack of fuel has
caused it to fall in the rear as to amount of product, In some lines as to guality, however, it is still unsurpassed.

GLASS-MAKING IN NEW HAMPSHIRE. .

Glass-making in New Hampshire dates from near the close of the revolutionary war., In May, 1780, Mr.
Robert Hewes, of Boston, began the erection of a glass works in the town of Temple, and in the autumwn or early
winter he started his fires. Atthistime glass was in good demand in the rebellious colonies. England, of course,
prohibited all exportation from her ports, and the severity of the blockade prevented the glass of other countries
from reaching this in any quantities. Indeed,the holds of the blockade runners would scarcely find space for glass,
when powder and shot were more in demand. '

Mr. Hewes, who had been left by his father quite a fortune, determined to undertake the manufacture of glass.
Having secured a number of German Hessians and Waldeekers, who were skilled glass-workers in their own country
and had formed part of the mercenaries sent to this country with the British army, and who had deserted from it, he
started this Temple works; but the building was hardly completed when it was burned down. ~ This was a serious
blow, but to prevent the abandonment of the enterprise the people of Temple came to Mr. Hewes’ assistance, and
the works were reconstructed. Then frost shattered the furnaces so that they would not stand the fire, and they
gave way at the first melt. («)

To add to his difficulties as a result of these delays and loss his capital was seuously impaired and money
was needed to continue the enterprise; but the people of Temple had no money tolend, and did not choose to invest it
if they had. Mr. Hewes petitioned aid from the state, asking *freedom from taxation onhis buildings”, exemption
of taxes for his men, and the granting of a bounty upon the glass produced. January 2, 1781, the house of
representatives of New Hampshire voted to receive and accept Mr. Hewes’ petition, but posbpoued the paying of
bounty till good window-glass could be sueeessfully produced.

The persistence of Mr. Hewes is best illustrated by the following petmon made to the selectmen of Temple in
the winter of 1781, written from Boston:

GENTLEMEN: After duerespects, hoping these will find yourselves and families well, they ave to inform, that, being almost disconraged.
Ty the misfortunes T have met with & the little spirit of the People to encourage me, I am almost determined to drop all thoughts of
prosecuting the Glass-Manufactory in Temple, for why should I strive to introduce a Manufactory to henefit a people that has not spirit
enongh to subseribo a trifle to encourage it, when I have met with a misfortune—for if the Business ever comes to perfection it will be a
greater service to the country than it p0s51bly can be to me, even if I make my fortune? But, Gentlemen, it was not money only, that

a These facts concerning Mr. Hewes' enterprise are condensed from a paper on “ Glass-making in the Merrimack Basin ”, published
in Contribu&'ons of 014 Residents’ Historical Association, Lowell, Massachusetts, vol. ii, No. 2, 1199
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induced me, but it was becanse I'was satisfied I could do it, & inso doing serve my eountry most essentially—more especially your Town,
You will do well, Gentlemen, to consider this is not a thing for a moment, but it is laying a foundation for the good of Posterity; for
certain I am if my Glass-works are brought to perfection, they will soon be as universal as the Iron works, or many others; as I said to
Esquire Blood the other day, ¢ that the Glass-makers should be employed, if it were ouly to steal their art.”

I think the Town of Temple, as a Town, will be highly culpable if they let this matter slip withont a struggle. DBut it is not for me
to point out the advantage you are all sensible of.

‘What I have to say is what will your Town do to encourage the matter? I shall have to send 60 miles for stones te build my melting
furnace, which will take eight teams, & then all the other furnaces are fo be rebuilt; but all this while, the Glass-malkers and famiiies are
to he supported, which will be a costly affair.

Your court will make a Lottery, I suppose, but that will be a thing of Time. Can I be credited for one or two Carcasses of Deef,
till the Lottery is drawn, or what way can you think of to help me i1l the works are set a going?

I should be glad to know your opinion of the matter as soon as possible, so that I may know what to determine.

From Your Friend and Humble Servant, ROBERT HEWES

P. 8.—Mr. Ashley will wait upon you with this and receive your answer, and transmib it o me as soon as possible.
R. H,
P. 8.—If I could be properly encouraged, I would come up in the Spring and work at it myself till it comes to perfection.

MARCH §, 1871.—The Town voted to advance wpon a loan to Mr. Hoewes £3000, with good security, to be assessed in two months,
and collected as soon as may be.,

On the same day, March 5, Mr. Hewes’ agent at the glass house wrote to the selectmen ¢ requesting provisions®.

Mareh 11, Mr, Hewes writes to the selectmen from Boston, deelining the loan of £3,000, if security is required;
states he will not assume any further risk or responsibility; that ten times that sum could be secured in loston if
he wanted it, but that he had determined to recede immediately, and proposed to sell his interest in the works at
a low price; had resolved to do nothing further except bring down the workmen, if nobody appears to purchase
the lionses and tools. )

March 24, in a letter from Boston, Mr. Hewes proposes to the sclectmen that he be supplied money on a loan,
on the strength of the lottery, for which he seems to have petitioned the general court of New Hampshire, and
requests that his glass-blowers be furnished with supplies for subsistence.

It was not till March 30, 1781, that the lottery act was passed, giving leave to raise £2,000, new emission, for
the Temple glass works, and appointing three men to conduct the lottery and report their proceedings and account
to the general court within one year. A fac-simile of the lottery tickets may be found on page 171 of the History
of Temple.

The tickets would not sell, and I hiave no statement what their prize was to be. I infer the great obstacle to the
success of the lottery to have been want of faith in the glass works, and as a result Mr. Hewes abandoned the
enterprise. The works made both window-glass and glassware, and some of its products, among them a glass plate,
ara preserved in Harvard University.

There is no record of any further attempt to make glass in New Hampshire until 1814, when by an act of
the legislature, passed on June 24 of that year, the New Hampshire glass factory was incorporated at Keene.
This works made only cylinder window-glass, and the census of 1820 reports it as bhaving a capital of $25,000,
paying out $11,400 for materials, $10,000 for wages, $500 for contingent expenses, employing twenty men and five
youths, and producing $30,000 worth of window-glass from 1,825 bushels of sand, 200 barrels of lime, 547 bushels
of salt, and 36 tous of potash. In the hands of its original owner the enterprise was not successful, and passed
ander the control of other parties, who, in turn, disposed of it to others. Trom 1847 to 1851 the works were operated
by J.D. Collony, when they were finally abandoned, no part of them remaining.

In 1817 a factory was started in the same town (a) for the manufacture of “black and flint bottles” by Justin
Perry. This was operated until 1848, when it ceased work, for the same reason that the window factory was
abandoned——the high price of fuel.

In 1840 Mr. William Parker, who had been operating a window-glass works at Middlesex village, Massachusetts,
then a part of Chelmsford, but since annexed to Liowell, removed it to Pembroke, New Hampshire, where he built
a brick glass house for window-glass. The motive for moving the works from Chelmsford to Pembroke was the
reduced cost of supporting the workmen, ease of obtaining cheap fuel, and close proximity to an abundant supply
of sand at Massabesic pond, in Chester, nofiManchester. These works were carried on from 1839 to 1850, but
were by no means. 8 success in their new location, the expected supply of suitable sand proving a delusion, thab
from Massabesic producing glass of so dark a color, by reason of iron, that it was unsalable, and sand from the
Maurice river, New Jersey, was the only resort, with increased cost for transportation. The revision of the tariff
in 1845 brought another disaster, the duty on imported glass being made so low that the country was supplied
with Buropean glass at less price than the cost of production here. In 1848 the manufacture of sheet window-glass
was abandoned and that of crown glass undertaken, but with no success, and in 1850 its manufacture was
abandoned.

a This is the account I have received from Mr, William 8. Briggs, of Keene. Bishop, in his History of American 2anufactures,
yublished in 1868, vol. ii, p. 206, speaking of the year 1814, says: ‘A glags manufactory was this year incorporated in Keene, Newr
Hampshire, where it is still (1868) a principal business,” This is probably an (rror.
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In March, 1866, a glass house for the manufacture of Dbottles was built at South Lyndeborough, New
Hampshire. This works is still in existence. Its characteristics and product will be found in the tables of this
Teport.

GLASS-MAKING IN NEW YORK.

According to Bishop’s History of American Manufactures, among the early settlers on Manhattan Island was a
glass-maker, Jan Smeedes, who is supposed to have been among the first to receive an allotment of land on the
present South William street, between Wall and Pearl. He probably carried on the business of glass-making on
the east side of the street, just north of Hanover sguare. This street formerly bore within the above limits the
name of ¢ the Glass-maker’s street?”, and afterward Smee street, from its original occupant. Of the history of his
worls no account has been found. In addition to this early works at the southern end of the island there seems to
have been a glass house located between Eighth and Eleventh avenues and north of Thirty-fourth street, ason
De Witt’s farm map of New York about 1732 there is an estate called * the glass-house farm”. The first of these
works must have been built early in the seventeenth century, at least during the Duteh oceupation of the island,
which ended in1664. It would thus appear that New York, equally with Virginia, Pennsylvania, and Massachusetts,
counted glass-making among its very earliest industries, dating not much after the first colonization.

TFrom this time fornearly a hundred years norecords of the existenceof any glass works have been found; but no
doubt there were somo factories in operation atvarious points and at various times in this state, as well as in other
states, though glass-making flonrished but poorly in these carly times. In 17564 a glass works was erected by a
Duteh gentleman by the name of Bamber in Broollyn, probably the first in Kings county, which now ranks second
as a glass-producing center in the United States. The Historical Society of that ¢ity have in their cabinet a glass
bottle having blown on it the name of Mr. Bamber and the date 1754, (@) “the first one,” so the record reads,
“manufactured at the glass works started in 1754 on the site of the present glass works on State street. This
enterprise, we are informed, was brought to an untimely end for want of sand; that is, the right kind of sand.”
From this statement regarding the sand Mr, Jarves is led to Delieve that the bottle must have been of flint-glass,
andl the works a flint-glass works, as sand suitable for green or black glass abounds on the shore near its location.
This, however, wonld not be conclusive evidence of the fact that they were flint works, as we have no doubt that
in those days, as at the present time, reasons which are not at all the correct ones were frequently given for
the failure of manufacturing establishments. ,

Governor Moove, in a letter to the Lords of Trade and Plantations, dated Fort George, New York, January 12,
1767, says:

The Master of a Glass House, which was set up here o few years ago, now Banlkrupt, assured me that his ruin was owing to no other
cause than being deserted in this manner by his servants, which Le had imported at great expence; and that many others had suffered
and been reduced as he was by the same kind of misfortune. (o)

To what works Governor Moore referred does not appear.

From this time until 1786 I have not beeu able to find any other record, when, as the evils of large importations
began to be seen and felt, and the advantage of establishing domestic industry became impressed npon the minds
of the inhabitants of this country, efforts were made in-New York, as in the other colonies, to re-cstablish the
manufacture of glass. In April, 1786, specimens of white glass made at the glass house that had lately been erccted
in Albany were presented to the American Philosophical Society. M. Elkanah Watson, in his Reminiscences of
Albany, published in 1788, mentions a visit to the new glass house, erected by John De Neufville at a place about eight
miles from Albany. Mr, De Neufville, who was a Duteh gentleman, and had been active on behalf of the American
colonies during the revolutionary war, having sacrificed in theiy behalf nearly the whole of a fortune of a half-
million sterling, invested the small amount remaining in what Mr. Watson terms the ¢ hopeless enterprise” of a
glass house.(¢) In January, 1785, Leonard De Neufville and his associates, the proprietors of a glass factory
situated at Dowesborough, in the midst of a well-wooded pine forest, described as 10 miles from Albany, and
which was probably the same works as that referred to by Mr. Watson in his memoirs, applied to the legislature
for aid in their undertaking, urging as & reason for this assistance that £30,000 were seut abroad annually for
glass. () They also stated that they were able to manufacture any size superior to Bnglish glass. This expression
would lead to the belief that the works was a window-glass works, ' In 1793 the legislature of New York voted a
loan of £3,000 for eight years to the proprietors, three years without interest and five years at 5 per cent; but by
this time the works had passed out of the possession of the De Nenfville family. In The Appolo, published at
Boston, under date of September 28, 1792, appears the following regarding this works:

We learn from Albany that the glass works erected several years ago within a few miles of that city, aud which has been desorted
ever gince for want of eash, is now owned by Messrs, McCallen, MeGregor & Co., who have completely repaired it, snpplied it with every
material, and are now manufacturing and advertising for sale window-glass of every dimension. They want a good flint-glass maker. As
this manufactory mnst be of great public ntility, it is to be presumed they will receive the greatest encouragement from all (American)
glass dealers: (¢) '

a Stiles History of Brooklyn, vol. i, page 309, @ See Munsell’s Annals of Albany, vol. ii, p. 205, ) . .
b New York Colonial Documents, vii, pago 889. ¢ Quoted from The dAppolo, p. 416, by The Historical Maguzine, ®d 8., vii, p. 16.
¢ Sec Munsell’s dnnals of Albany, vol. x, pp. R18,220, 1181
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The new proprietors, McCallen, MeGregor & Co., offered in 1793 a reward of $50 for the discovery of a banl of
sand suitable for their use situated within ten miles of their works. In 17 96, for the purpose of consolidating and
extending the operations, a village ten miles west of Albany was laid out and named Hamilton, in compliment to -
Alexander Hamilton, and in the spring of 1797 the Hamilton Manufacturing Company was chartered by the state,
and the company and its workmen exempted from taxes for five years. This works was one of the most extensive
glass works at that time in the United States. Beside other enterprises in other lines of industry, they had two
glass houses, with three large furnaces, employing about thirteen glass-blowers, and making an average of 20,000 feet
of window-glass per month, beside bottles and flint-glass. It is stated that they substituted kelp for pearlagh in the
manufacture of glass. Their glass, however, was in good repute, and the business was actively carried on for some
years. Muneell states that this works suspended in 1815 for want of fuel, (o)

The next factory of which I have been able to find any record is the Rensselacr glass factory, which was
incorporated by the legislature of the state March 21, 1806. In 1809 two more glass works—the Madison and the
Woodstock Glass Manufacturing Associations—were also chartered, but I have not been able to find any details of
either, In the census for 1810, however, four glass works are reported: one in Albany county, two in Rensselaer,
and one in Ontario. These works made that year 3,803,000 square feet of glass, which was valued by the marshals
at 16 cents per square foot. In 1810 or 1811, according to Mr. Jarves, a company was formed in Utica for the
manufacture of window-glass, and quite & number of workmen from the Essex-street works (Boston, Massachusetts)
were induced to leave their employment and break their indentures by the offer of increased wages, but while they
were on their way to the New York house, and just before they reached the state line, they, with the agent of the
Utica worls, were arrested, brought back, and an expensive lawsnit resulted. Mr, Jarves states that the latter
works were abandoned and never revived. In the private journal of De Witt Clinton for the year 1810, when, as
one of the commissioners of the state of New York, he examined the country between thelakes and the waters of the
Hudson, appearseveral references to the glass works of the state,and under date of Geneva, August 9, 1810, he writes:

A glass manufactory is erecting about two miles from the village. It wasincorporated last winter, and a little village is alveady
rising up around it.

One week later he writes:

Weo entered tho town of Vernon, in which three glass houses are in contemplation one has been in operation some time. It israther
to be regretied that this business is overdone, Beside the glass infroduced from Pittsburgh, and from a glass house in Pennsylvania, on
the bovders of Orange county, and the glass imported from Europe, thero are ten manufactories in the state already, or about to be
established ; one in Guilderland, Albany county, one in Rensselaer county, three in Vernon, Oneida county, one in Utica, Oneida county,
one in Romge, Oneida county, one in Petersborongh, Madison county, and one in Woodstock, Ulster county.

In 1818 the manufacture of window-glass was begun at Sand Lake, in Rensselaer county, by Messrs. Crandall
& Tox. This locality was selected on account of its abounding both in sand and in fuel, but a few years’ trial
convinced the proprietors that the place was ill-chosen, and the location was abandoned. (3) In 1845 Mr. Samuel
II. TFox, & son of one of the proprietors of the Sand Lake works, built a factory at Durhamville, which was in
existence in the census year. The Utica Observer, in an article published some months since, claimed for Mr.
8. IT, Fox, one of the proprietors of this works, and one of the oldest living glass-makers in the country, that he
was the first in the conntry to introduce soda-ash into the manufacture of glass, as he was the first in the state to
utilize coal in the furnaces and to introdnce wheel ovens. ’

From the census of 1820 it appears that there were two window-glass factories in Madison county of this state,
each containing two furnaces, with ten pots each. In Oneida county there was one cylinder window-glass factory in
operation, and one crown-glass factory idle. In Ulster county there were two window-glass factories, manufacturing
800,000 square feet a year; but of these works I have not been able to find any farther details. In 1820 some
workmen left the New England glass works at Cambridgeport, Massachusetts, and built a factory in New York

ity, the business being conducted under the firm name of Fisher & Gillerland; but in 1823 the partnership was
dissolved, and Mr. Gillerland built a works in Brooklyn. In 1823 there was a manufactory of glass globes at
Albany “*on o scale which promised to supply the United States with the article”. At the tariff convention which
was held in New York in 1831 three flint-glass factories, with tweunty-two pots, were reported in existence in New
York and vieinity, and two cylinder window-glass factories: one at Geneva, and the other at Hamilton; but of
these, except the fact of their existence, no details were given. In 1832 the Redford Crown Glass Company was
incorporated and began the manufacture of crown glass in Clinton county, making a very good quality until 1541,
when it failed. Tn 1846 crown glass was again made at these works. Of the establishment and history of the later
glass works no record ab all has been procured. :
GLASS-MAKING IN CONNECTICUT.
Information regarding the- early history of glass-making in Connecticut is exceedingly meager. It appears,

however, that in 1747 a patent was granted by the legislature to Thomas Darling for the exclusive privilege of
making glass for twenty years. This act appears to have become void because of the patentee’s failing to fulfill its

o Sao Munsell’s Annals of dlbany. ‘ ‘
b Thisg is Mr. Jarves' statement of the close of the works, It would appear, however, from a newspaper paragr&lph regarding the

Durhamvillo works, that the Sand Lake factory was in existence until 1852, when it was burned down.
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conditions, and at various times after this special grants were made to others to introduce its manufacture; but
Irow suceessful these were I bave not been able to find out. It seems that a few years after the organization of the
Essex-street factory in Boston, which was built in 1787, a glass house was in operation in Hartford, Connecticut,
and from a reference in Washington’s diary (1789) it would appear that glass was made in New Haven. In the
census of 1820 two glass works are reported in existence in Hartford county, Connecticut, producing $27,360 worth
of glass annually. DBottle-glass is also reported as made in Hartford county at the census of 1820 to the extent of
$3,350 annually. At the tariff convention held in New York in 1831 a window-glass works is veported as in
operation at Wellington. In the census of 1840 two establishments are reported in Tolland county, making $32,000
worth annually; one of these was probably the Wellington works. In 1850 but one establishmeuns is reported; in
1860 two establishments in Windham county; and in 1870 three establishments. Of these works I have been able
to get no information other than the fact of their existence., At the census of 1880 but one establishment was in
existence in the state, the flint-glass works at Mericlen. '

GLASS-MAEKING IN MARYLAND.

On May 26, 1790, Mr. John Frederick Amelung presented a petition to the national House of Representatives,
asking that the patronage of the government be extended to his glass manufactory at New Bremen, in Maryland.
This is no doubt the works to which Mr. Carroll, of that state, alluded in his speech of April 17, 1789, when he
moved that a duty be placed on window and other glass, with the exception of black quart bottles. Mr. Carroll’s
reason for his motion was that the manufacture of window-glass had been begun in Maryland, and had been attended
with eonsiderable success, and he believed that with small encouragement it would be permanently established.
Mz, Carroll’s motion was successtul, and in the first tavift law passed under the present Constitution a duty of 10
per cent. ad valorem was levied on the kinds of glass mentioned. The patronage that Mr. Amelung desired was a
loan from Congress. The investigation and discussion that followed is memorable as raising, and for the time being
deciding, the policy of Congress relative to bounties and protection. The committee to which was referred M.
Amelung’s petition for “patronage” reported June 30,1790, authorizing the Secretary of the Treasury of the United
States to make him a loan, not exceeding §8,000, Mr. Amelung giving satisfactory security for the reimbursement
of the same within & certain number of years. In the debate which followed the presentation of this resolution a
history of this gentleman’s exertions in endeavoring to establish an American glass manufactory was given by
Mr. Carvoll. He commenced in 1775, brought into the country upward of 200 persons, mostly glass-workers, and
had expended at that time over £20,000 in the undertaking. Owing to a variety of accidents, and particularly to
the extraordinary rise in the price of grain, he now found himself ¢ greatly embarrassed in prosecuting the business;
but stated if he could be so far patronized by the government as to be favored with a loan of $15,000 or 820,000 it
would afford him such rélief as would enable him to surmount every difficulty”.

Congress, however, did not look upon this appeal favorably., Some of the members doubted the constitutional
power of Congress to loan money in this way; others objected to it on account of the precedent it would establish,
while others urged that the enconragement and assistance could *be asked for with more propriety from the state
government. Mr. Boudinot gave an account of the manufactory, and said: “I have seen the glass made in it,
which is superior to any ever produced in Ameriea,” He contended that Congress had a right by the Constitution
to lean the money, and cited several instances in point. He enlarged on the merits of the petitioner ‘“in embarking
snch large property to prosecute a business of so general utility”;, and pointed out the eonsequences which wounld
result from a “fajlure of this application, which would be greatly injurious to the petitioner and to the public”.
The report, however, was negatived, and the question between bounties and protection was virtually decided by

- this debate. In 1794 Mr. Amelung presented a petition for an inerease of duties, and in this he was joined by
others, among them Thomas Whalley and his associates, of Boston, Massachusetts. Mr. Amelung’s works appears
to have been originally built on Tuscarora creek, four miles above Fredericktown, and were known as the Etna
glass works. Window-glass and wine-hottles were made, and it is probable that some of the workmen from this
factory were among those that crossed the monntain to New Geneva and aided Albert Gallatin to establish their
manufacture on the Monongahela. The works of Amelung were moved to Baltimore ¢in 1788, and located ou the
south side of the basin”, and an account of Baltimore, published some years since, declares “ they still continue”.
InLossing’s Home of Washington (pages 204~205) is an extract from a letter of a gentleman of Cineinnati deseribing
the presentation to Washington by Mr. Amelung of two flint goblets bearing the general’s coat-of-arms.  Amelung’s
ventures did not succeed, and it is possible that he crossed the mountains to Pittsburgh with some of his glass-
workers. (a) .

In 1790, according to Howard, a factory known as the ¢ Baltimore glass works” was established on Federal
Hill. Colonel Scharf, in bis Chronicles of Baltimore, page 236, makes the date 1799, This was the window-glass
works at present operated by Baker Brothers & Co., and still known by the same name. This firm also have ilint
and green glass houses. Concerning the latter, they write me that it was originally established in 1790, though
the present works date only from 1852; the flint works date from 1873.

a Cuming’s Journal, page 66, speaks of a Mr, Amelung, a glass-worker, at Pittsburgh.
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The census of 1810 gives statements of three glass works in this state, two in Frederick county, at which 40,000
square feet of window-glass and 7,000 bottles were made, and one in Baltimore county, at which 500,000 square feet
of window-glass were produced.

The census of 1820 reports a glass worlks in Alleghany county, at which both window-glass and hollow ware were
made, and gives the date of the establishment of the works as 1817. The value of the products is given as
$30,000, thirty men and eight children and youths being employed. The same census gives statistics of a windovw-
glass works in Baltimore county that had been in operation twenty years, and was producing 3,400 boxes annnally,,
valued at from $8 to $10 a box.

At the tariff convention held in New York in October, 1831, two flint-glass furnaces, with twelve pots, were
reported in operation in Baltimore; also one cylinder Wludow-OIass factory in Baltimore and one in Cumberland;
but no details are given of the same.

The works other than the above at present in existence in Maryland are of comparatively recent date, and are
all situated in Baltimore, with the exception of a glassware factory building at Cumberland.

GLASS-MAKING IN NEW JERSEY. (a)

The first glass factory in New Jersey was located about 24 miles from Allowaystown, Salem county, and was.
built some time from 1760 to 1765 by a German named Wistar, who brought a company of workmen with him from
Germany. He carried on the works a few years, and failed about the ontbreak of the revolutionary war, and upon
his failure, in 1775, the workmen went to what is now known as Glassborough, Gloucester county. Two objects led
to the selection of this place as a site for works: it was so far inland that the operations were not interfered
with by the armies, and it was a yellow-pine country, which wood was better for melting glass than the oak of
Allowaystown. Mr. Bodine is of the opinion that ¢“the principal kind of glass made was hollow ware or bottles;
but from some recollections of an old man that descended from and knew some of the old Glassborough settlers.
and heard them talk when he was a boy, I think part of them, if not all, could make both bottles and window-glass,
such as was used in those days?”.

The blowers at these works also made the pots, cut the glass into lights, and packed the same. In the scheme of’
division of labor in more modern works each of these operations is a separate branch of work. At this works the
bottles were made without molds, and crown-glass was made. Mr. Bodine says :

I knew some blowers, when I was a small boy, that were then old men, and eould make hoth bottles and window-glass. I have been.
unable to fix a time when window-glass commmenced to be made in cylinder form. I find that about 1812 ox 1813 a erown-glags (window-
lights) factory was started up the Delaware river, 10 miles from Belvidere, at aplace called ColumDbia, in what was then Sussex county,
now being Warren county, This factory run until 1833, when it ceased operations, I personally know of eylinder window-glass being
made in 1827 or 1828 at Millville. About the time of starting the Columbia works a factory was started at a place called Clemonton, now
in Camden county, where bottles were made part of the time and window-glass the balance. My informant worked at Clemonton in
1814 as an apprentice, learning to blow,

Abont the years 1814 and 1815 there were factories started at Port Elizabeth, Cumberland county, and at Malaga,.
Glowcester connty. Both of these were run as window-glass factories, and in 1816 to 1819 Tuekahoe and Hammonton.
were started and manufactured principally window-glass.

The next works was Millville, started in about 1822. TFor some years after this no new works were started,
until 1827, when between that date and 1832 Waterford, Jackson, old Brooklyn, and Winston were built. These:
last-mentioned places were in what was Gloucester, now Camden county. The mnext location was Squankum,
now Williamstown, built in 1835, making bottles; then Estilville, Bridgeton, and Temperanceville (now part of’
Glassborough), built in 1836 and 1837; then Jersey City flint-glass works, built in 1840 or 1845. Somewhere about
this date there was a flint-glass works built at Kaign’s Point, now part of Camden. Then Greenbank, 1840 to 1845;.
New Columbia, 1845 to 1848 ; Janshoro’, 1848; Balsto, about 1850 ; Crowleytown, 1850 to 1851 ; Clayton and New
Brooklyn, about 1851 to 1852; Medford, Milford, and Lebanon, 1855 ; Bulltown, 1858; Quinton, 1858 to 1860; Salem,.
1863; Westville, 1868 ; Riverside and Herman City, about 1870,

There was a glass works started at Elizabethport some twenty-five years ago and run for a short time; also,.
one started in Camden about 1868, and run for a short time.

This makes in all thirty-seven locations in New Jersey. Of these the following have gone out of existence-
entirely: Allowaystown, Columbia, Clementon, Tuckahoe, Hammonton, Jackson, Old Brooklyn, Estilville,.
Greenbank, New Columbia, Balsto, Crowleytown, Kaign’s Point, Milltown, Bulltown, Lebanon, Westville, Jersey
City, and Elizabethport—mnineteen in all; two run two years, one three years, two five years, two ten years, four
fifteen years, four twenty years, two thirty years, one thirty-five years, one forty-five years, while Waterford,.
Medford, Camden, New Brooklyn, Riverside, Herman City, and Port Elizabeth, seven in all, have not run for several
years.

The balance of the locations, eleven in all, have forty-five furnaces, of Whlch thirty-nine furnaces have run the-
past year, to wit: twelve window-glass, twenty one green hollow ware, and six lime or white glass. - Four of the
green hollow ware and the six lime or white glass furnaces are situated at Millville, and are run by one firm,,
Messrs. Whitall, Tatum & Co.

a-For most of the data contained in the very interesting acvount of glass-making in New Jersey I am indebted to Hon, Jobn T

Bodine, 032 ‘Williamstown, New Jersey, whose personal recollections extend back fifty-three years,
11 .
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About four miles below Millville are located the largest beds of glass-house sand in the state, sand being dug
for the Millville and the Philadelphia, New Yorlk, and Boston factories. The pits have been opened for more than
fifty yoars. There are also large sand-beds near Williamstown that supply twelve factories a thousand tons each,
per year. There is sand in very many other localities in south Jersey, but there is none better than the Maurice
river, Millville, or Williamstown sand.

Up to 1855 care was taken to locate glass works upon or near to large tracts of woodland, About the year
1856 the factories in New Jersey commenced to use anthracite coal, and since that time the pots have been enlarged
at various times until they are more than three times the size they were when wood was used for melting, Mr.
Bodine says:

The use of coal has made locations of glass factories at places other than upen water navigation in Nuw Jersey very expensivo,
even with railroads, The cost of freight in getting coal and materials to and manufactured products from the marketabls points of
Philadelphia and New York is about 9 to 10 per cent. of the gross receipts of manufactured goods, while the only offset thereto is abous
2 per cent. in the cost of sand and wood for annealing the ware, Many of the New Jersey works have been located where wood could be
used. If the locations were abandoned, and the works removed to the large consuming points, the whole plant, so far as the building
is concerned, wounld be lost. T find twenty-six of the factories among the forty-five contained in the eleven locations upon water
navigation, and hut for the advantage of water transportation we should not have as many glass factories as we now have,

GLASS-MAKING IN OHIO.

The information regarding glass-making in this state is exceedingly meager, It does not appear among the
manufactures of the state at the census of 1810, In 1811 John Mellish, in his Travels, suggests that a well-
organized manufactory of glass bottles would succeed, intimating that no such works existed. An account of
Cincinnati, of date of June, 1815, states that a mannfactory of green and window-glass and hollow ware was about
to go into operation, to be followed the ensuing summer by another for white flint, Palmer’s Travels in 1817
speaks of two glass houses in operation. The census of 1820 enumerates ¢ glass, window, and hollow ware,
chemical and philosophical apparatus?”, as among the manufactures of Hamilton county, the value of the produnet
being $19,000,and the statement is made that the works are languishing, owing to the supply overrunning the demand.
Glass, both eut, flint, and window, was also reported as made at this census in Muskingnm county, (¢) At the tariff
convention held in New York in 1831 a window-glass works is reported at Zanesville and another at Mo'acow,
~while at the census of 1840 none are reported. In 1850 Ohio is credited with six works; in 1860 with four, and in
1870 with nine, three of which are reported as plate, probably window-glass, and six as glassware. Of the history
of these several establishments I have no details.

GLASS-MAKING IN MISSOURI (5)

As early as 1842 efforts were made to establish the manufacture of glass at Saint Louis, In that year a
company of gentlemen, with Mr. James B, Eads, who has since become known in conneetion with the magniticent
Saint Louis bridge and the jetties at the mouth of the Mississippi river, established the works now kuowu as the
Saint Louis glass works. This works at fivst made Hlint-glass tumblers, ete., and it is stated that Mr. Bads, finding it
impossible to get the proper workmen, himself made the pots used in this factory. Five years of toil and vexation
was the only result, and he and his assoclates, finding success impossible, were forced to suspend payment and
abandoned further effort. To the credit of Colonel Bads, it should be stated that in after years he paid up every
dollar of indebtedness incurred. Thus the first glass-making venture west of the Mississippi river passed into
history as a failure. The factory was changed to a green-bottle works by Mr, Eads’ sucecessors, and then in 1854
back to a flint works, In 1855-’56 a green-bottle house was added, and in 1861 Bayot & Cummingstook the works,
since which it has been a flint house, now manufacturing only flint bottles.

The second works, those of the Missouri Glass Company, began operations in 1851, making window-glass,
but ceased after running two years, remaining idle until 1856, when they were purchased and changed to flint
glass; but after sinking considerable sums in fruitless eﬂorts the parties owning them sold out and abandoned
the field. These works, then, like the Saint Louis glass works, became the property of various persons, who
at different times encountered unvarying failures, until at last, in 1863, operations.were wholly abandoned and
the building taken for the manufacture of agricaltural machinery. The other Saint Louis glass works have all

been established since 1870.
GLASS-MAXING IN OTHER STATES.

As to the history of glass in other states but Jittle has been learned. Glass has been made in Vermont, but there
isnone made at present. Two glass-houses are reported in that state at the census of 1840, one in Addison and
one in Chittenden county, but none are reported in 1850, 1860, or 1870, nor at the present census. 1In Rhode Island
no glass, as far as I have been able to learn, was ever made, and the same is true of Maine and Delaware. In the
southern states, with the exceptlon of Vlrgmla, Kentucky and poss1b]y Tennessee, I can find no record of glass-

making,

a T have seen a statement that this Zanesville works was the first in Ohio, but I have been unable to #erii'y it.
b For the facts in this sketeh I am indebted chiefly to an article in the Saint Louis Trade Review and to Mr. J K. Cummmgs, of Sainb
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It has already been stated that the glass-blowers that Albert Gallatin induced to aid him in starting the New
Gteneva works were on their way to establish a glass house near Louisville, Kentucky; but it seems to have been
many years before any other glass-makers sought this state to practice their art. Cramer’s Navigatorfor 1814
states that a glass House had lalely been built at Louisville, but neither the census of 1820 nor that of 1830 gives
any evidence of the existence of this-factory, Atthatof 1840 one glass-cutting establishment is reported in Kentueky,
but no glass works. In 1850 no glass works is reported, thongh the Covington flint-glass works was established
in 1848. 1In 1860 statistics of omne glasswarce establishment are given in Jefferson connty, in which Louigville
is situated, but no facts are given regarding Kenton county; in which Covington is located, though the Covington
glass works inform me that their flint-house was established in 1848, and their green-glass house iu 1860. In 1870
three works are reported.

The statement is frequently made that the first glass works west of Cincinnati was built at Alton, Illinois, and
in the returns received from the Alton factory the date of establishment of this works is given as 1867. No glass iy
reported as made in this state in any of the censuses until that of 1870. A similar statement can be made of
Indiana. Michigan has no place in the several censuses as a manufacturer of glass, No glass is reported as madle
in Wisconsin at any census, though an establishment was started shortly after the close of the census year 1880,
Mississippi was building a works during the census year. Glass-making was established in California in 1863, or
at least a works was in operation, but of the details of its history I have no record.

HISTORY OTF THE MANUFACTURE OF PLATE-GLASS IN THE UNITED STATES. (o)

It is probable that the first attempt to manufacture in this country what is now known as plate-glass was
made at Cheshire, Massachusetts, though some rough cast plate may have been wade earlier at some of the window-
glass works. The extensive deposits at this place of exceedingly good sand, which was at one time supposed to be the
only sand in the country from which good glass could be made, no doubt had much to do with this early attempt
to make plate-glass and determined the location of the works, In 1850 a window-glass factory was erceted at
Cheshire, which was run for two years on blown glass. In 1852753 this was changed to a rough cast-plate factors.
A large amount of money was expended in fitting up the works and putting in the necessary machinery and tools,
but it was operated only for about six months, when the tables, tools, fixtures, ete., were removed to Brooklyn, New
Yorl, and a factory was there fitted up and operated through 1854 and 1855. Very little glass of a merchantable
quality was made, and in 1856 the works were abandoned, (b) one of the chief canses of the failure, no doubt, being
the small scale on which the works were projected and operated and the inexperience of the promoters. The
manufacture of plate-glass requires large capital and experience, and it was not until these were brought together
that the plate-glass industry was firmly established in this country and the product could compete with the
foreign,

The second effort was made at Lenox Furnace, Massachusetts. In 1853 a glass works was erected at this place
at a cost of $30,000 for making window-glass by the Lenox iron works, a corporation owned by William A.
Phelps, Oliver Peck, and James Colling, who ran the works for about two years on window-glass at & loss. In the
fall of 1855 the window-glass business was abandoned. This property was leased with contract to sell to James
N. Richmond, who organized a company called the National Plate Glass Company, and wag converted into a
plate-glass factory. The company spent & large amount of money in reorganizing the establishment and
experinienting, having bought the tables and tools of the Brooklyn company. In 1856, after a heavy loss, the
company failed, and in 1857 the property came back to the original owners, who started np the works and
continued to run them with success till the spring of 1865. In 1862 the factory buildings, with a large amount of
glass, were destroyed by fire. There was no insurance, and the loss was over $25,000. In 1865 a company was
organized, called the Lenox Plate Glass Company, consisting of the old parties with Messrs. Theodore and James
Roosevelt, of New York city. Up to this time only rough plate was made, but it was the intention of this company
to commence polishing as scon as suitable machinery could be obtained. It is worthy of notice that, although
for a number of years plate-glass had been produced in England and in TFrance, there had heen secarcely any
improvements in the machinery used. Some few years previous to this parties in the western part of the state of
New York had invented and patented a machine for grinding and polishing marble slabs, and this was found to
work admirably in polishing glass; but through the influence of Mr. John R. Platte, then agent for the British
Plate Glass Company of HEugland, the owners of the patent were induced to put up one of these machines for the
company, on condition that if the working was satisfactory they were to buy the patent. The machine worked
with satisfaction, doing its work in much less time than the old system. Mr. Servin states that the company paid
about $50,000 for the patent. The principle of this machine is now generally used, though with improvements, in

a'The statemcnts of fact contained in this history are derived chiefly from letters from Mr. A. T. Servin, of Lenox, Massachusetts,
Mr. E. Ford, of Jeffersonville, Indiana, and Mr. E. A, Hitcheoek, of Saint Louis, and from Mr. W. C. De Panw’s testimony before the
tariff conmmission.

b This is Mr, Servin’s statement, Mr, Tord, howevel, states that the first attempt was made at Williamsburg, New York, in 1&50,
on & small seale, for the wanufacture of rough plate-glass only, but was abandoned. . The next effort, he states, was by the samo party
at Green Point, New Yorlk, but this was alse a failore, This, Mz, Ford states, was the parent of the Lenox works,
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polishing plate. About this time the Lenox Plate Glass Company was organized. The inventor having patented
another machine in 1866 and 1867, this company bought the patents and put up some costly machinery, which
was not completed till 1868 and 1869. About this time, and for two or three years previous, a company in
Philadelphia held patents for making eryolite, a mineral from Greenland, into a material called eryolite or hot-cast
porcelain, resembling white marble when worked, but having all the qualities of glass. This material was worked
in the same way as glass. Through statements of great profits in this manufacture the Lenox company were
induced to allow a new company to be formed January 1, 1870, called the Lenox Glass Company, which took all
the property of the old company and gave'the Philadelphia company $200,000 for their patents, also purchaging
a large amount of eryolite from them. This new company expended a large amount in preparing for the cryolite
manufacture, but after six or eight months working it was found to be a perfect failure, resulting in a total loss
to the company of the cryolite and patents purchased, and in 1871 the company {ailed. The furnace has since been
run on rough plate for a part of the time. In 1879 a large proportion of the glass property was sold at about one-
thirtieth of its cost, and a new company has been formed, called the Lenox glass works.

The next works built in the United States were at New Albany, Indiana, and it was here that polished plate-
glass was first snecessfully and continnously manufactured. In the year 1869 Mr. J. B. Ford conceived the idea
of erecting works for manufacturing polished plate glass, and with this in view e visited Lenox, gathered what
information he could on the subject from the workmen there who had been employed abroad, and returned, to New
Albany with a determination to make polished plate. He immediately entered into negoetiations with manufactarers
of plate-glass machinery in BEurope, and purchased one each of the best machines for grinding, smoothing, and
polishing, and while waiting for their arrival, in company with his associates, built a works for rough plate.
About the time the machinery arrived the works was burned, but a new one was built on a more extended scale.
This new plant was measurably successful, but had to undergo the reverses that seems the fate of all plate-glass
houses in this country. In 1872 Mr. Ford withdrew, since which time it has been run by Mr. W. C. De Panw, who
stated before the tariff commission that until 1879 the works made no money, though the quality of the glass for
some time had equaled the imported. '

In the same year that he withdrew Mr. Ford organized and built another works at Louisville. These he
managed until 1875, when he left there and organized a works at Jeffersonville, Indiana, the city having offered
Lim some ground valued at $20,000. These works have been largely increased, make excellent plate, and were,
with New Albany and Crystal City, Missouri, the works that made polished plate in the census year. ' '

Shortly after the organization of the New Albany plate-glass works Mr. E. B, Ward, of Detroit, and others,
induced by the very extensive deposit of sand of an exccllent quality at Crystal City, Missouri, organized the
American Plate Glass Company, with o capital stock of $250,000, and began in 1872 the erection of works at the
point named, this sum being increased in J anuary, 1874, to $500,000. In 1875 the manufacture of plate-glass was
begun, though with appliances much inferior to those now in use, and a considerable quantity of glass of good
quality was produced. The usual difficulties, however, which attend new industries, by reason of lack of the
requisite experience,‘were encountered. The production was irregular and uncertain as to quality, and in 1876 the
work was snspended for several months, with a view to its resumption under more favorable conditions. In
October, 1876, the enterprise was reorganized by the formation of a new'corporation (the present Crystal Plate
Glass Company), composed of most of the stockholders in the old company, in which additional capital was
invested, and which acquired the entire premises, plant, and a large stock of materials on hand. Mr. E. A.
Hitcheoek, of Saint Louis, president of the old company, continued in charge as president. During the winter
of 187677 preparations were made for resuming work under such conditions as to profit by the experience already
gained. Convinced by thorough examination of its superior advantages, a Siemens furnace was erected. These
works have since been largely increased, and are producing plate-glass the equal of any made in the world.

An extensive works for the manufacture of plate-glass is also being built at Hite’s station, on the West
Pennsylvania railroad, near Pittsbargh, by Mr. Ford, who built the works near Louisville, ()

Regarding the manufacture of plate-glass in this country, Mr. W. C. De Pauw, in his paper before the tariff
commission, made some statements which he summarizes as follows :

First. That all money put into plate-glass works in America prior to 1879 had been a total loss. )

Second. Thatsome of the shrewdest, most energetic, and successful business men in Boston, New York, Philadelphia, Detroit, Chicago,
Saint Louis, and Louisville had in the aggregate invested millions in plate-glass enterprises and lost the whole of if.

Third. That no plate-glass had been made in America without loss to the maker prior to 1879,

Fourth. That I, instead of having made a large fortune in a few years, as represented, have actually lost more than half a millicn
dollars over and above all (very small) profit made since 1878, : s :

TFifth, That after a long, earnest struggle, I have suceeeded in making good glazing glass at a small profit.

Sixth, That Americans are paying about half as much for plate-glass to-day as they paid prior to the time plate-glass was made in

the United States at my worlks,
' ' IMPORTS OF GLASS INTO THE UNITED .STATES,

‘ ~ In order to show the amount of glass received into this country, I append a table giving the imports of glass
into this country in the years 1876 to 1880, showing quantities and values so far as they are given in the reports of
the bureaun of statistics, and also the value of cach unit of quantity.

i r (April, 1883) in sucecessful operation. .
72 u o It is nmt (April, 1843) in successful operati 1137
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TABLE SHOWING IMPORTS OF GLASS INTO THE.
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Bottles:
Empty ceuescsremoacnnnvaas avererermanne caaan davemnesrenranannaaas ..
Containing Hquors ceeviiceeriaiinonsnaa. hrevemeneanennans namber. .
Or jars filled with articles not otherwise provided for.......cacee....
Crystals for watches.ueeeeseioaananannn veninnann eheerererreme—— e,
Disks, or plates unwrought, for optieal instruments............ ceeean

Glassware: .

Porcelain, Bohemian, cut, engraved, painted, colored, printed, stained,
silvered or gilded, not including plate-glass silvered, or looking.
glass plates. ‘

Plain, mold, and press, not ent, engraved, or painted .....ooovemen .

Plate-glass, cast, polished, not silvered :

Not above 10 by 15 inches ...... W rewsuremeuernetiennnan aquare feet..

Above 10 by 15 inches, and not above 16 Ly 24... R : s T

Above 16 by 24 inches, and not above 24 by 80... .o, ..

Alove 24 1y 30 inches, and not above 24 by 60..... .odo....

Above 24 by 60inches ..ovaennee.. . e naarias do....

Plate-glass, cast, polished, silvered, or looking-glass plate:

Not above 10 by 15 inches......

Above 10 by 15 inches and not above 16 by 24 ......

Above 16 by 24 inches and not above 24 by 80...eveeeiaena. .. do....

Alove 24 by 80 inches and not above 24 by 00.......ccocoiil . dol. ..

Above 24 by 60 Inches cveneevacernnena il eesetemncacan PR do....

Plate-glass, rough, fluted, or rolled (excesa of 1 pound per square foot in
proportion):

.+.square feet..

[ RINEY I+ J

Not above 18 by 15 inches....coveenne. [N square feet..

Above 10 by 15 inches and not above 10 by 24...ccvreveneioio.do. ...

Above 16 by 24 inches and not above 24 by 30 «vveonveenni i do....

Abevo 24 Dy 30Inehes - vonenviii i b iciraieacaeaas do....
Window-glags, cylinder, crown, or common, uppolished:

Not above 10 by 15dinches ...... ..., teneareansiananar s .pounds..

Above 10 by 15 inches, and not above 16 Ly 24........ wemaaanen do. ..

Above 16 by 24 inches, and not above 24 by 80.. . cvevnravo oL,

Above 24 by 30 inches .vov...an Metderamnanreasonanassan JRs ¥,
Window-glass, eylinder, and crown, polished:

Not above 10 by 15 inches........... PO square feet..

PTIN ¢ I, T
..do....

Above 10 by 15 inches, and not above 16 by 24...
Above 16 by 24 inches, and not above 24 by 80.....
Alove 24 by 30 inches, and not above 24 by 60....ceeo...
ADOVE 24 1Y 00 ANCTLS. - oem e eten e eee e iaannaess
Manufactures of, not otherwise provided for.c.veureniercrnc o mvencne-

4,80, 091 25

$8, 952, 708 22

15, 500, 00
8,117.75
1012, 949, 00
442,705, 50
1,024, 318, 38

260, 805, 50
812, 671. 33
838, 507. 00
108, 753, 19

65,778, 75

2,205 00
2,668, 00
23, 838, 00
870, 783, 50

0, 330, 440, 00
7, 542, 537, 50
8, 085, 92%. 00
8, 870, 206, 00

549, 00
1, 244, 00
72, 084, 75
2,816, 00

95,806 44

8,970 00
1,748 00

567, 269 17

60,833 97

9,822 00
3,615 00
67, 008 00
340, 908 00
943, 958 00

52,791 00
293, 407 00
19, 964 00
117, 006 00
76,467 00

320 00
75 00
1, 800 g0
33, 741 00

215, 619 88
304, 205 46
376, 706 34
495, 486 00

117 00

477 00
8,301 00
1,221 00

624, 877 09

0. 182
0,445
0, 657
0,770
0. 922

0,210
0.275
0,882
0, 604
1.162

17, 265. 00
12, 643,00
88, 802,75
458, 704, 00
1,017, 817. 65

219, 531, 00
755, 916, 00
821, 439, 00
102, 536, 00

12,149, 95

4, 077, 00
9,787, 00
90, 832, 00
258, 708, 00

4, 677,124, 00
5,662, 851, 00
7,290, 634, 80
7, 378, 928, 00

5, 438, 00
8, 208, 00
15, 662, 00
2, 404,00

22,125 84

10, 678 00
1,119 00

406, 705 62

54,3810 15

2, 836 00
5,113 00
55, 781 00
326, 150 00
871, 744 00

40,487 00
175,708 00
208, 274 00
55, 456 00
17, 064 00

385 00

96 00
1,616 00
13, 261 00

154, 815 00
202, 878 00
288, 882 47
881, 517 00

1,144 00
1,704 00
5,988 00
1,078 00

497, 528 14

0,163
0,404
0,028
0.711
0. 837

0.184
0. 233
0. 327
0, 541

1405 |

0, 097
- 0.034
0. 078
0. 051

0. 083
0. 036
0. 040
0. 052

0. 210
0,274
0. 338
0,448 [
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1878. 1879, 1880.
Value o Valne Value
Quantities. Value. ufi?‘of Quantities. Valne, o Quantities. Value, it of
quantity. . quantity. quantity.
P memvemaeaas $8,831,887 25 |\eaveniinniillinnenanians PR $3,281,420 00 {........... [N | [P $5,188,272 42 |....... romue
amemmmecacons cvecans 28,710 40 loemnmnnmner|fonaranan Cheemamnnaas 20,676 00 {ieeeenrannne tesetvasmancan [T 43,700 50 [oereenerca--
3,200,087.00 1.......... 3,360, 798.00 |vevemercnn- P F 4,270,410.00 |--ev-. TSI AP
eevnareeanen I SRS RS TR eeanas 50,412 00 |comeavencan|loee- cvnenas 109,450 00 eueorecanans
7,2TL 00 [eaevamerunecflmrennenrnacmcannen. 11,040 00 |vuveennnnann e tnvenann o —aas 7,801 00 |rvwmcranacan
%

R 428 00 |ccnverrronecliocinsanmmnnermansns 1,607 00 |ceeeennn. R | P, P 2,668 00 J.aenn. R
458,447 08 |eeunmscecnealliananens rrannas 501, 541 88 |oevenoonnan Y I 722,087 41 |eecenvnnnnns
........ aesmaceincas 20,905 00 |<-eveeivensf[rannmancemernacrns 41,058 B0 [.eveerceavenffianarnernanananannnaa,s 88,381 36 |ieeuincnnann
10, 252, 00 1,858 00 0.181 14, 338, 0 2,711 00 0, 189 108, 782. 00 16,200 00 0.149
12,801,168 4,413 00 0. 350 27, 817,00 8,724 00 0.310 48, 185, 80 14, 721 00 0.319

58, 340, 50 83,106 00 0. 567 90, 434, 91 32,888 00 0, 364 157, 804. 92 50, 326 00 0,319

302, 584, 16 286, 587 00 0.729 562, 071. 08 240,480 00 0. 428 719, 373. 06 285,410 00 {0,397

766, 779. 20 658, 560 00 0. 870 809, 035,12 421,401 00 0. 485 874,521, 64 300, T41 00 0, 447

121,213, 00 18,607 75 0.1564 128, 904,76 23,992 00 0.186 230, 728. 42 50, 823 00 0,220

619, 879. 50 138,430 00 0.215 697, 652, 50 165, 437 00 0. 237 1,000, 345, 42 209, 421 00 |, 0. 269

912, 375. 50 277,118 00 0,304 1, 081, 357. 00 342, 750 00 0,317 1, 048,187, 81 557, 098 00 0. 330

85, 545, 00 41, 865 00 0.489 102, 961. 00 45,460 00 0. 442 153, 637. 00 75,218 00 0. 490

1,284, 50 1,261 00 0. 974 1, 034,66 1,245 81 1. 204 6, 020, 66 4,274 73 0,710
80. 00 5 00 0.063 l.vnovaiornanramnann JS P vrvemanensasen T ! P cenmemeananeas iramaneaana

2, 441,00 163 00 0.067 405,00 20 00 0. 072 160, 785. 00 196 00 0,018

3, 585, 00 153 60 0,043 7,202, 00 365 00 0.051 1,957, 00 89 00 0,045

78, 588. 00 5,432 00 0,069 173,384, 600 7,603 00 0. 044 757, 908, 00 25,420 00 0. 034

4, 330, 949. 00 124,033 91 0,029 3, 582, 364, 00 80,350 62 0,026 12, 041, 215.00 | | 308,978 11 ¢ 0,026

5, 903, 795, 00 176, 184 84 0. 030 B, 045, 243, 00 140, 367 056 0.028 11, 077, 758. 00 388, 003 23 8. 030

8, 576, 448, 00 226, 396 85 0, 034 5, 836, 463, 00 184,885 G4 0.032 10, 093, 808. 25 351, 463 90 0. 08¢

6, 242, 5G0. 50 274, 624 61 0, 044 8, 225, 701, 83 237,282 87 0. 038 10, 137, 070, 00 412,472 44 0.-041

3, 543, 00 828 00 0,232 1, 676. 00 325 00 0.104 11,900, 68 2,110 00 0.177

8,724. 00 2,601 00 0. 208 15, 460, 50 3,256 00 0.211 28, 675. 58 4,153 00 18 156

10, 779. 00 4,185 00 0.288 21, 031, 00 6,023 00 0. 280 : 36, 038, 75 10, 605 00 0,287

1, 661, 00 690 00 0. 415 4,030.00 1,640 00 0.418 12, 651. 66 4,220 00 0. 834
veea. amane 539,006 96 [-woooeueen I PO, 600,863 02 ... 51; 047 68 |--o.....

10
1
12

13
14
15
16
17

18
19
20
21

22
23
24

28
27
28
29
30
81
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Ancient factories, sand used i ... vecveiaeiciratanns cenmnnn

A,

Page,
Advantages of Siemens’ gas furnaces...ou.eeen- tenmmma e, 36
Aggry beads made in Phenicia saeveeeane mavenrcanevanannn. 60
Agricola’s time, furnaces in ...eeceececeiiceraiccaaaianann . 34
Air blast, cooling heated molds by v.eveevveiciecmncannains 49
Air bubbles in glags.vo e iarier it nnne weeseesenema. 44
Air, effect 0f, On POtS.acccrcremacrceaeireccennvonacarnnecens 43
Albany, account of glass-making at.... .. coee ceeemaneaco- 93,94
Alexandria, Virginia, manufacture of glass at..c..ieeeaanans 78
Alicant, Spanish soda of ...cev v Ceasetaemannaae .. 31
Alkalies and other materials used in glass-making .......... 30-34
Alkalies, the chief, nsed in glass-making .....ecevasmnenaen. 30

Alkaline rocks in Germany, Friederich Siemens guoted om
R LT R e emveneamameammmne e 28
Alkaline rocks in Germany, Julins Fahdt quoted on use of .. 28
Alkealine rocks, use of, for bottle-glass cuevvmnocnnecanonaes 28
Allegheny county, manufacture of glass in,in the census year 88
. Aluming in glass. . e cereieanaeiiaceiian et n e naes 34
Amelung, John Fredericl, petition of, for aid in glass-maﬂnng 95
Ameluag, presentation of flint goblets by, to Washington. .. 95
American fire-clay Uged .. coaeiiieer i iriane e iac e s - 18
Ameriean glass, quality of (00te) -ceoercciiuanenriciiiiana 69
Ameriean invention, pressed glass an --..ceeeiimnasianannn 58
American pot-clay, analyses of ... corooiirimai i - 40
American sand, Bontemps quoted 0. cee e coe o camercen o os 26
American sand, character of coaeavercmicciiamiiciiiiannen 28
American sand, deposits of .ovoeiiianiiinrea s enesemans 28
American sand, mode of occrrTence of wuveue cereneiacannnean 25
American sand, Mr. Henry Chance quoted W 26
American sand, Thomas Webb & Son quoted on.evice weenens 206
American stained glags (N0t@)..ceececenrecansaarnraninas 69
Ammonia process for making 80da .ovaeccewvannnn e enns 31
Ampunt of production of Roman glass «oavenvovenmennaiannns. 62
Analyses of Dottle-glass «oveon comn cumn coe i ciia et a 23
Analyses of English 8andl. ... covecoveveoeecmmet cnnmaonennans 26, 27
Analyses of flint-glass.cse e cureanre ccancnen cieanann ceenmaas 23
Analyses of foreign glass sands ccov coaeov cvutvarennmiinanan 29
Analyses 0f French. pot-elay..oceeemecescnee cacanaes sneecmun 40
Analyses of French 8and .oceurie cccs commieanne cnunaenannnas 27
Analyses of German Pot-elay wene-cecceossonanas e neanas 40
Analyses of glass sands of the United States .o..-con e enns. 30
Analyses of lead glugB..coo.cvvmmercarearre cecimaneeiennnas 23
Analyses 0f 1ime Elass.cuueee romeunmrentasnsanansananaananas 23
Analyses of plate-glass. .o..e ceeeeiemarorocamiceneanas - 23
Analyses of sand not always indicative of quality........... 25
Analyses of Scoteh pot-clay ..... weme e vermnan 40
Analyses of Stourbridge pot-clay ceeeceememesvoonormanann- 40
Analyses of Window-glass.coaeooios coans ercmmemnraaaace 23
Analysis of American Pot-clay «oceevemeevnroncnmnracnnsconen - 40
Analysis of window-glass found at Pompeii - eooveaiiiunnn 56

Ancient Egyptian glass furnaces, remains of found by Napo-
BYe3 N P SRS 60
Ancient factories, location of, at mouths of xivers........... 25
26

_ Ancient window-glass, method of manufacture of .......

Amnecient glass..cce. i iiii i et ccem e e
Ancient glass a 80ds glass . ccvenrvarenrvanans. S R
Ancient glass, ecoloring matter of ............. PO
Ancient glass houses, sources of supply of goda for -.........
Ancient pressed glass eeve e ccin i iiiriiie e ci e r——s
Ancients, extent of use of window-glass by the .............
Aneient 800a IIDPULB. e nn e i cees cire e ceriae i eaaus

Annealing Hnt-glass. oo oo ine i e e aeas
Annealing ovens for plate-glass, description of ... .........

“Annealing evens in glassware factories, number of -.........

Annealing ovens in green-glass factories, number of ... ...
Annealing ovens in plate-glass factories, number of .........
Annealing plate -glass.....aemme s civmne srimar seceanoaaan-
Annual settlement of Wages. v. i mrinieiniemneneaean e
Antiquity of window-glass, Winckelman’s views ol.........
Approximate composition of glags ..o oo .o iiiiion
Argenie used, ameunt of...ee. . viiieiiinr i e e
Arsenie, use of, in glassmaking ... ooeei i
- T g G
Artificial glass, definition of (note) --....otoeaiaieiiennnins
Artiuses of gloB8. L oeeneaiimer e iacneraca s aiasa e
Assyrian glass, charaeter of ... _. e tawaersamer e eameaana
Aurelian, ordinance of, regarding tributo on glass ..........
Austria, glass-spinnimgin ceeoueer oo iciii i ciiaen e
Austria-Flungary, cooling in glass houses of --cooeusvee e
Ausiria-Hungary, dimension of pots in glass houses of .-.. ..
Austris-Hungary, duration of heating in glass houses of.....
Austria<Hungary, duration of melting in glass houses of .. ..
Austria-Hungary, manufacture of glags flowers jn ..o.ovennnn
Austria-Hungary, manufacture of glass wearing fakries in. ..
Austria~-Hungary, manufacture of plate-glagsin. ...........
Austris-Hungary, number of plato-glass factories in.........
Austria-Tungary, present condition of manufacture of glass

Austria-Hungary, proportion of batch in glass houses of. ....
Austria-Hungary’s specialty in glass-making...coocoreenaans
Austria-Hungary, statistics of glass mannfacture in .........
Austria-Hungary, working in glass houses of ........... .

Augtrian glags houses, sonrces of supply of sand for ......... -

Austrian glass pots, 8ize of coaoenooieo i
Awuptrian sand, sources of supply of .o ..o viienn ot e remaman
Augtria, quartz still used In.co. oo imminiiii e
Austro-Hungarian glass houses, use of Sicmens’ tank furnaces

PRSP RS SRR

Average daily earnings, fallacy of usnsl statements regarding -

B,

Baccarab worls, establishment of..ocosveivneniininnannes
Bakewell, Mr, Thomas, and the manufacture of gluss at Pitts-

L P DALE LT TR EL
Balls, mothod of manufacture of, by pressing ......i.zvaenne
Baltimore glass works, establishment of ... ceenecaianevnens
Barbarians, influence of, upon glass-making .- ...cooccuve-ee
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Barec of Bretagne .......... fmeseetenecsametesncaiananannans
Barilla, Spanish .......... T
Barrels and casks used ... oo iaiii i aaeans
Basalt, decomposed, use of, for manufacturing (note)........
Bastie glass, method of manufacture of waecesvacmeeveaaoo .
Batch, constituents of the «ooovevemnr oot
Batel, definition of v, veuceeomaei i
Baitch, preliminary heating of c.ov cnne e oocen e,
Batch, proportion of, in glasa houses of Austria-Hungary..-..
Battery jars, method of manufacture of, by pressing ........
Beads, manufacture of, in Virginia .o..eeceaviaaaniiaanaa.
Beer-bottles, number Ma®e. co o cecvutmveinrr s e
Beets and grapes, potash made from .......... ceeamneunnmaan
Belgian bottle-glass, constituents of _._. . . ..o ....on....
Belgian glass, exporiation of c...veees cevrvncmarcanicncannns
Belgian glass, quality of -cueveree it iira e i
Belgian glass, statistics of manufactare of.eeeeeneoo.ol.
Belgian sand, sources of supply of ... il il
Belgian window-glags ..cueveeeerecncreiaeiamman e s
Belgian window-glass, exportof.... ... il
Belgian window-glass, imporbation of, into the United States.
Belgium, produetion of plate-glassin.. ... ... ...
Belgium’s specialty in glass-making ....cevvvnarinaiiianae.
Bellajre, Ohio, glags-malking ab..en coonooooenren e,
Beni-Hassan, figures on tombs at «ovecn aan il viani. L PR
Beni-Hassan, glass-making figured on tombs at .............
Benrath’s definition of glass (note) ... oo nioiiann s
Benzine, 86 0f ..oeuiieiae e e e ee e
Blast-furnace slag, & gless (M Jeeeneacoar ciieveicniannn.
Blast-furnace slag, relative composition of, and glass........
Blast-furnaces, slag-glass from. .. .. .ot imiriiciecannn,
Blast, use of, in cooling ..cerviuiiiiiiiiii e e
Blister in glass, cange of. ccnrovmeeno i e cenas
Blowing dnd pressing united to produce same form of p,rla,ss..

Blowing flint ware, deseription of ProCess. . xcvnx cenveenn.. :

Blowing glass ceeumein i o iiinbae rnara canna
Blowing in molds, description of method .......... ereme .
Blown plate, definition of .o oo ceeir oot iiii e
Blown plate, how made .-« ceooie v it e e
Blown window-glass, early manufacture of ........... RS
‘Blown. window-glass, Theophilus’ aceount of.... oo euneon.
fBodme, John T., on early glass-makmg in New Jersey «.....
Bohemian glags. . oe oot e ceci e e aaas
Bohemian glass, character of.. e enemesnmm e aeeaa-
Bohemian'glass, definition of .. ... .. iiiaeiiiiaaot
Bohemian glass houses, time of melting in....eevemeeecnn---
Bohemian glass pots, 8128 0f.. <. vree ot oo i i inii it
Bohemian glass, quality of .. ........
Bohemian lime flint-glass, constitnents of . _..........oou.oo.
‘Beilers in glassware factories, number of . .cvumvweacnnvaeon.
Boilers in green-glass factories, number of . .o.caveusciunvans
Boilers in plate-glass factories, number of . cv o iunees oonen-
Boilers in window-glass factories, number of cuocvevoee cueons
Bontemps quoted on American sand _._ .. .. oeiiiiinsnen
Boston, manufacture of crown-glass ab...ccowiceercneeenvun.
Botitle-glass (Ote) . cun cir i e ria e nes
Bottle-glass, analyses 6fve .. ciceeevecaverenrne eseeritanlen
Botitle-glass, Belgian, constituents of ... ....oeo ool .
Bottle-glass, English, constituents of.. . co.coveviinaes aann
Bottle-glass, flint and, manufactured in Europe........caue.
Bottle-glass, French, constituents of.....cccer cemn cnneavmeas
Bottle-glass, the term hollow-ware applied t0--u.eeeneoau-
Bottle-glass, materials used for, proportion of ... ... ... ....
Bottle-glass, Pittsburgh, constitients of .oenccvncaeos iaanin
Bottle-glass pots, size of ... .. ... fhaemseesiesannsesennny
Bottle-glass, use of alkaline rocks for ... .oconeiiarriaaana ..
Bottles, manufacture of, iu France ........ [
Bottles, manufacture of, in window-glass honses .cwmee coee .
Bottles, PTessing wen. e oo i e i iiea e aaas
Bridgeport, Ohio, glass-making at...e. ot cerviwrneeronnn cuns
Britigh exports of glass .
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British imports of glass..v...cucue. fmeer neeasamen—s e
British islands, modern manufacture of glassin.............
Bubbles in glass - ..o coeroonn i e
Building glass works, statistics of ... ... c.coviiiiill 3,
Bulk, difference in, of melted and unmelted charge .........
Burgin furnaces, number of ..o oo eaii
Byzantine glass. ... cooeemoen it icii e e eeewna
Byzantine glass, character of voeo v ooenve i ianertvurcnun.
Byzantine glass, extent of its manufacture ..cccvvveenna....
[sH
Calear arch. . oceuoemet it ime ce e e
California, history of glass-makingin .._...................

California, statistics of all works in, by counties..

Cemmme ruea

Capital invested in glass manufacture.... cccveeee e eonnn. :

Carbonate glass, color of......
Carbon, 186 of, iN GlaS8 cevuve ctieeneecere crer cnmens e cnnnms
Carthaginian glass. ......cooo oo liianianion ceemeeieeaas
Carts in glass factories, number of ..
Casks and harrels used. .... oo vt iiceiimuiincaiain e ca
Castellani on Venetian glass manufacture ..................

“Casting and pressing, related processes .oueueoooev ool

Casting plate-glass ..... .
Casting tables, description of ... ... ... ... ... ......
Casting tables in plate-glass factories, number of v.cann.. ...
Cast plate, composition of .. ... ooei i,
Cathedral plate, establishments producing...eeeverereneenan
Cause of the decline of the manufacture of glass in Rome.. ..
Canses of failure of early attempts to establish glass manu-

Y11

Censnses, previous, comparison with ...ooon voiaiciaaaao.
Censuses, praevious, omissions in. ... ... .. iieicieacena.
Chance, Mr, Henry, quoted on American sand.......coene.n.
Chance’s mixing machine ._..........
Character of ancient window-glass -....coccivuannn..
Character of Egyptian glass.......c.co-o.. S
Character of French sand ... oooo o oii i il iiisemann.-

Character of lead glass ..voee et inuniereaanceannemean e
Character of modern Spanish glass «.ccuveoieeevamaas sannnn.
Character of Phosnician glass .veecvenee cacenraeensane rennns
Character of Roman glass .....occrvvrenr canrne. e aemeune
| Character of sulphate glass ...... emeeeemieescaiansaane -
Chargers, mechanical -.vuvuesveecas manm senemennnncoae caraae
L0 58X AP
Cheapness of glass at Rome .veuer oann brveeesmmennrmnns maan
Chemical glass _.._.c.ocunn. oot e aaeeircainsenaanenas
Chemical lime flint-glass, constituents of c.ocveveneenacanin .
Chemical classification of glass, difficulty of oo ooonvmnaeann
Chemists’ ware not included in report vuccun coveervans camunn
Chief alltalies used in glass-making coecee vensconenoaanencnas

Chief constibuents of glaBs .. o..oeeeeementiaes cenennnen e
Chief glass-making eountries of Europe. .....ccoeeevcaanann.
Children in glass factories ... ..ciieeees coiimion i anennenn
Ching, glags-making in «ovveevveeccimctvnine e aeamceceaaas
Christianity, influence of, on the manufacture of glass......
Churehes, use of window-glass in early ..o.coovenes cnenaunn
Chureh, influence of the, on glass-making .........ccoveenne
Classification, chemical, of glass, difficulty of...cevnnnaaanl .
Classification, commercial, of glass, difficulty of ......cecvven
Classification, composition and properties of glags ..-.eceuns
Classification of glass cavu oo viiii i riiai veaer aas
Classification of glass according to method of manufacture

LT - R
Classification of glass, Tomlinson’s (note) ...................
Classification of glass; Ure’s (note) ..........o...ocaiemenas
Classification of Gobeleterie .. ... .uecverneecsicuracnnaennn
Clay-grinding mills in glass facturies, number of ... ... .ecvn.
Clear white lime flint-glass, constituents of...... coeveveauns
Clinton, De Witt, on glass-making in New York.. ..........
Coal first nsed as a fuel in United States at Pittsburgh......
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*Coal, miveral, first use of ... oemn i e e 36
-Coal, substitution of, for wood in glass-melting. ....._..... 57
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